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Foreword

This volume, the twenty-first to be. published in the total seracts relating
the history of the United States Army Mtedical Department in World War H1,
is the second volume to be published in the internial rnediciiie group. The
first volume, published in 1961, dealt with the activities of consultants in
medicine in all partsi of the world. T~his wecund volume deals with Some of
the infectious dimias.*i efteoulltert lit a global war. The third and tinal vol-
umne in this g-roup, now lit preparationk, Will deal further with the Infectious
disases~ andi with general niedicine.

Of necc.*hity, asthe ediltor of the Intern4- awlicilm group poinits out lin
his prefare, swulte of the inaterial in this volume overtap' some of the niate-
rial In the tirs9t internal uwwdicine tvolume. It albo overlapis certain of the
material lit Otte preventivo inediine series. T'here has L**n, deliberately, sto
effort to alter the 4ituat'lim. To do *o would have. rrwuhted in rigid and arti-
ticial disitinctionx stind would &W., hate deprivted time eadier of the bwrewfit, lit
certain InstancelI, of jpresentation. of material on the, onae su~bject front sore
than sine point of view,

As I readl tha', Ibok in mantueript, I ww% tniprr~.ed with a ttnwiibr of
cona..deratitro., 4on0M pfMiullar to thix volune, some sharod by the other vol-
umee. Let mew li.4t '%ofla of them,

1. The wisdont of 'air plirly of utilizintg the personal ospenence. of
preusent andi former medwail #44cer%, who, as hie bftn re~peatendly Pointed out,
not only helpett to create but a)*, to rytortl the data upon whith tht# whole
history in baxedl. The author%. s4 the vnaroaA rhaptein in thr* volunte were
owlected to writo them not only hei-ause oif their entnemVw in their particular
flelds but also bowase~i they hadl had wartiam experie"Ofte in thoe. flowt More
valid sourcro could wsean-Ply be Imagined.

2. The expansion of kn#-wtldge of the etiology, chnical picture. Control,
and maonageent. of cortain diseas.'* ahout which little- zin scaW Instdance
nothint- -wax known beore the war, 1'Dw lvit tis incomplet b~ut, as ezamplao.
one might awntion miandfly fever; Q fevePr; %rrub typhito; Frill'# dorm*;
primary &typical pneumonia; and cutanemas diphtheria.

3. The remarkable uitlization of opportmanstwe for inwwaipt~g~m &Md the
sam mazn amount of valuable data that emorged frnm them. studwi. which
were often mad., under almost Intolerablo rimcditions, btwh in and out of can -
bat. In addititona to mitudie Involvistg Un~it*d States military pewwwtnnl. ini-
cluding releamed prisoners of war, were the 4tudi"d involving Jirria Tred
Allived Military Porwmrnel, eneipii prisotwr% of war; and. nnvidlianu
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In this conniection one 'is imipressed with die importance and value of
the work doum. by the variou* boards, eouimissiens, and subcommtissions
appointed to Investigate, and recomniend action upon, certain aspeets of in-
fecLious diieases. Their invest igations includedl aeute respiratory disease;
influenza and other epidemitc diseases; typhus; iteurotroplc virus diseaws:
hemnolytic streptococcal infkctiouis; airborne iiifettioiis; tuberculosis; and
malaria. When one realize* that sonte 15.00) drugs for the suppremwion and
treatmn~rt of malaria were investigated, somte cursorily and somec definiuiv'ely,
during the course of the war, otie can also relize the fruitli - activitwis and
actual 'rhao*s which inight have resulted without die guidanee of dke Board
for the Coordination of Malarial Studies.

4. The ehanging COnceptsi Of Certaint disANWS, and their management. lit
19,41, for example, no one would have dresamid rhat one of the nwat signifi-
cant chapters In a volunie in the intertitl iiedicitte wrtied of the lti-tury would
concern ventereal disease. In Tecvtnber lI4AS. the treatnient of pitients ba
pitahized with ventereal diease cea*ied to be a resporxsiliility of ith geni-
tourinary serv lev mnd 1beiAnw a resputtatbility of the medi-cal serv'ic in Army
hopipitas6. hlompitalization then gave way to ambulatory treattment. In the
("'Um of 4ifphllti-m, tterapY etolved frount the time-honored but eumrberwsone and
hazarthms nethods ith III SrýeWfal* and btArnUth-~--ini,)1raet1'-aI VenCE Under ndl-
ativfely itatit! 6ondittoni of training and Comipleely ipmi tieAl 'in "~
to tho remudute, dweimm oi ) use penicillin for 0lit. jMsrtmiar. Tlu'ii drisaun,

madle by The Surgeon Gonerai anti applied Ariny-wide rten at a titne whent
lao. _mI nute prparationS for I)S ayin F.ft* urope were tig nmladr. 601%hed A
fer~tomm problemi with greatesteline. Trained ntanpowwer wa4 <Imt-
"4rved; ehantie.6 of evavuariof were (VA Clogged 11 tdim type of Patient; and.
"tmanV ho"CJ ta *dA wereM freedj for forwre Urgent purp.aMNO* FUn ir, Ithe use
Of jW14-11 AimpfifmA4 them trestownnmt gofnorrhem antl rodurMs tho rom~ph,

C1tion#v. arI!.ing frootg that dtlIftopw froun 23j pereeuit ini Mr3 to I jprtwnt in 1944.
'Pir vpreAd #f knoWleg0 of 41l thee &W16A0 requIred almost M*VAngel

ica) offortW'on tiftt1 part of the nie'dwal reyouvvltazt* and othet's repunuW. tot~
tho tmaintng andi imhuwtrtinartu of riwdwal iAwmrrw. No to the troops, omwtrol
ofi dliftwo was a matter sif indiirtidual Ilsjdlrtinaltium &ari to VIN'e~t~ile Me.
quirel firm comatnn~n 4upport- Fduratisn e~mmierung malaria anid its %up.
preemiyo mantagemient did not 4urvm4e until Alahbo udtortphine breru an
actuality. Thou malaria ratem foll frous z.* high a-* 1,A)O Ira IfX) per thmu
sand per annusm or higher, to neglilphle figurmo.

A caroful readIng of thtis bonk wskes clear that if thew du... h6d not
been controllod, time Vnited Statr% could havv sistred a greet milita'ry die-
"ater withcoit rvgsr4 to onemy rapabsutm*-ts Sonme -f the aisthoes frankly
aruknooWligo that luck played a part in the happy mtoufnw' anid onit did.
Th. *pdsmic of oro-ophatito did uoat tw.,sr on Okinawa until Owe Wuasd had
bean ercupwod, thouh .oporadwi fOghtmg Va.. *till gming owi a"d Iroop wmp
staging for the frmveomn of Japan. On tho oller b~a.d 11w Medical Corpo
cam jusmtihobty aomune redit for axs bilant work )ai a number of thee. dif-
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ferent deases. Epidemic typhus was rampant in civilian populations with
which many troops were in clow contact, but there were only 104 cases in
the United States Army and not a single death.

Otio or two comparisons with World War I figures are further proof of
the improvement of medical management of infectious diseases in World
War It: lit World War I, 46,640 deaths, 73 percent of all deaths from dis-
ease, were caused by influenza, lobar pneumonia, bronchopneumonia, bron-
chitis, and meaales. In World War II, in an Army over twice the Qize of
the World War I Army and mobilized over a longer period, there were only
1,285 deaths from these causes. In World War I, tuberculosis was the lead-
ing cause of disability separations; it accounted for 11.1 percent of all sep.-
rations and for 13.5 percent of all separations from disease. In World
War 11, tuberculosis was thirteenth in the list of disability separations and
it was responsible for only 1.9 percent of separations for diseas.

The prumary miLsion of the Army Medical Service is to conserve and main-
tain the lighting strength of the Army. After the difficult struggle for Buna-
SanaliadA in tim Nfew (;ukaes ,awpaigri, largvly because of the ravages of
disease, the 32d Infantry l)iviAion had to be taken out of the line for rest
and rehabilitation and it was ineffective for many uwnths. Extrapolation
of the"s facts and others atak" clear what might have happened had such
*ituatiOn.4 (!ontinued. It is to the everla.ting credit of the Medical Depart-
ient.- -supuorted 1 y undertanding line conimander- that they did not.

In retr, peAt, the Medieal Department ,ee to have acoomplished an
almolt impOsibl, t,.k. It Oade its mistakes, and, to speak bluntly, Wun. of
them %dhouhd not have been nmade. What oewe of the autdom of this book said
of malarta might vvell be iad of a numbelr of other dimseji, that the stage
otf edicatton in it were painfully alike in all theaterm and aresv. Nonethe-
too, aedical jwrvonnol ,.,nmju••,d and herd in check disue that were be-
wihdering in both kind ind number; that offerld multiple thirultift of diag.
n•os• and diff.orntial *liagnuoun, part.-larly in their very errly tages; and
that msnmtlaea wert completely unknown and 40metipw had been modify!t
by enviroamnrnt and by tdw rhanges in the clnawial ptaure that orrurrvA
whtn non aimmu.ne twrwow raorwd aroat of nrl•ni-uty.

A.4 a au"rgM. I. &a well a* many of my eurgwas) C"fremr have, had to
Colic.ntrat. on tho r..enfal rharurtor 1f our spectA lty In dealing with combat
Casualties. Ini my nid, a* Tho Surgeon tioenral of the Army my oUtWak is
no'woerily wader and my appreciattim of tht,% book in theref¢o much 40eepr,

Quit. properly, %irw, our task I, the prvperatam of a htiory of the
Army Medtical Oppartenwt in World War 11, the chMt Pmphat,* in thta
bcmk Is pon a the normou•s dnwal military raperir.- with Infctio d,.-
ea.ee in all part.* of tho world, That drim niot mak, the vtlunw t ln valuahbl
as a teit on th~ ditsease for meutwa| tustat & wwral prartatarwwr%, and
speciahIet* in internal meiwin. I rromOeti it to them, wo. we as to nw-di.
e'V1 o&e9r of tho Army and Mher arwmwe wrv)re, awe a runpdlatirm of dtata
nAt roadily 4--meo by 01,qwte#•,
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The nineteen authors of this volume deserve the grateful thanks of the
Army Medical Service and of the medical profession in general. For a vari-
ety of reasons, some beyond our competence, some due to our own culpabil-
ity, the preparation of these and other volumes of the history has been long
delayed. It is a tribute to the sense of professional duty and the patriotism
of these former medical officers that in the midst of their busy civilian lives
they have added to their wartime service by taking the time to set down this
record, and to carry out the task with real enthusiasm. That is evident on
every page.

It is therefore my pleasure to express my gratitude to the authors of this
volume and to its editor, Dr. W. Paul Havens, Jr., and to the Advisory Edi-
torial Board of which Dr. Garfield G. Duncan is Chairman, for a micsion
well accomplished. It is my equal pleasure to express my appreciation to
the personnel in my own office who are doing the prodigious work of pro-
ducing these volumes.

LEONARD D. HEATON,
Lieutenant General,
The Surgeon General.



Preface

This is the second voluine of the history of internal medicine in World
War II. In the preface of the fitst volume, which contains the reports of
the medical consultants, is recounted the story of the development of the
organization that ultimately produced the history. Attention was called to
the early enthusiastic efforts of Brig. Gen. Hugh J. Morgan and Colonels
Walter Bauer, John S. Hunt, and Francis R. Dieuaide to implement its writ-
ing and to the subsequent formation of the Advisory Editorial Board, early
in 1952, under the chairnanship of Dr. Garfield G. Duncan and under the
overall direction of Col. Calvin H. Goddard, MC, then Editor in Chief of
the history of the "Medical Department, U.S. Army, in World War 11" and
Director, The Historical Unit, U.S. Army Medical Service. An editorial
office was established at The Jefferson Medical College of Philadelphia, and
Dr. W. Paul Havens, Jr., of that institution, was made Editorial Director.
Col. John Boyd Coates, Jr., M(C, succeeded Colonel Goddard as Editor in
Chief of the history and Director of The Historical Unit-

This volume is concerned with the clinical descriptions of certain infec-
tious disea.ss and brings into sharp focus their impacts on military activities
under a variety of circumstances in many different parts of the world. Viral,
rickettsial, bacterial, and protozoal infections are discussed, and these chap-
ters constitute a record of the great and unique experience of our Armed
Forces with a variety of infectious di.wa.,es in a mall block of time. The
chemotherapeutic triumph of the sulfonamides in meningococcal infections
is recorded here. The great divermity of effects of various infections on mili.
tary activities is described, ranging from the relatively unimportant role of
neurotropic virus di.tises to the vast loss of time caused by respirmtory dis-
eases, sandifly fever, and malaria. Again and again, in almost every chapter
in this volume, appear thw results of investigations initiated either by the
Armed Forces or by the various commisions working under their aegi.

Of necessity, there is overlapping of the material contained in this hook
and in volume I. However, in contrast to the more general aspects of vari-
ous medical problems destribed by the ronsultantqs in the first vollume, the
chapters in this hook were ba,,d on the olhrvations of many medical officers
and were written by physicians directly concerned with the responsibilities
for the care of patients and the clinical investigation, of their di.eases. These
men, peers in their fields, were able to combine insight, judgnent. and expe-
rience in such a way that the chapters in this hook rank as outstanding rec-
ords of clinical achievement. The lapse of more than 15 ypars Ietween the
experiences recounted here anti their publication in this volume does not
detract from their value or interest. Actually, much of thiq material has

Irv
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long since appeared in our medical journals, but this book serves to bring it
together in its proper relationship with place and time in history. The delay
in publication is not unprecedented, since both the "Medical and Surgical
History of the War of the Rebellion" and "The Medical Department of the
United States Army in the World War" appeared sevenil years after the
te:'mination of the Civil War and World War 1.

For those who are concerned with military medical history, it is of in-
terest to note that World War It was the first great conflict in which fewer
of our troops died of disease than of battle injuries and wounds. In the
Civil War, there were among Union troops approxinmtely 360,000 deaths,
an,+ of these, about 2.,Ž~5,000 were caused by various diseases. Among the
Confederate troops, it was estimated that there were not less than 0'200b,00)0
deaths, and of these, 150.1MW) were estirmated to be due to diseases. Of fur-
ther interest to the medical historian is the changing importance of various
ifectims in military activity. Of the three volumes comprising the "Medi-
cal and Surgical History of the War of the Rebellion," one of them was
devoted solely to the subject of the alvine fluxes while the other two, were
de% oted, respectively, to statistics anti clinical descriptions of malaria, t yphoid
fev'er, verebrospinal fever, smallpox, and a number of olher acute infettions.
This is al*) illustrated by cownparit.om of the mortality recorded for respira-
tory di.aseas in "The Medical Department of the United States Army in the
World War" and in this volume dealing with World War I.

The editor wishes to express his sincere thanks to the countlessN medical
officers who made the material for these chapters available and to the dis-
tinguished authors who have written them. In addition, thanks are due
to Dr. Duncan and the entire Advisory Editorial Board for their constant
support and to Colonel Coates for his. many courtesies and vigorous asmistance-
In particular, appreciation is expresmd to Miss Eleanor S. Cooper. whose
tireless and paintaking attention to the preparation and editing of these
manuscripts was an invaluable aid in the compilation of this histor'.

The editor and the authors are also greatly indebted to Mr. E. L. Iamil-
ton, Chief. Medical Statistics Division, Office of the Surgeon General, Mr.
A. J'. McDowell, Akwsi%tant Chief, and Mr. M. C. Rossoff. Assistant Chief,
Statistical Analysis Brunch. who not only provided essential data but also
checked and revwewpd all statistical information contained herein.

Finally, grateful acknowledgmnent is made to Mim Janie W. Williams.
Chief, Publication Section, Editnrial Branch, The Ifistorical Unit, for per-
forming the final publbeations editing and to Mii. Rebecca L. 1lwberstein,
Chief, Editorial Section. Editorial Branch, The Historic-d Unit. for prepar-
ing the index for thil volume.

IV. J+u,. , lvz~s..lr., M.T).



Contents

Page
FOREWORD --- ------------------------- X1

PREFACE .-- - - - - - - - - - - - - - - - - - - - - - - - - xv

Chapter
I Respiratory Disea~cei (Y'ak Knieeland, Jr., M.D1.) 1

Geeralonieain- 1

Pant 1. Acute Respiratory Diseajes

Common Upper Respiratory Infection --- 2
Infuenza - - - - - - - - ---- - -- --- 9
Primary Atypical Pneumonia-.. ------- -- 16
Bacterial Pnunwonia ----- 26
Measles. - -- - ... . 12
Mumps --s-.-- 35
Infectious Mononuclisis- ----- 38
Rubella. -- - - . . . .- - - - - - - - - --- 41

Part 11. Chronic Respiratory Diseases

Chronic Bronchitis .. .. . . .......... 42
Itronchlectasis - .. --------.. . . . . . . 44
Lung Abscess ------....-------- - - -- - - -45

Spontaneous Pneumothorax ---------------------- ---.-- 40
Pulmonary Fibrosis-----------------------------.... 47
Pulmonary Emphysema--------. ... ......... 48
Malignant Dimseas of the Lungs----------------------------48

11 Sandfly Fever (William A. Reilly, M. D., Robero F. Be~mill. .31. D., and
Perin ff. Long, Mf.D.). - 49

Etiology------ ............... 52
Epidemiology-----------...------ - ...... 53
Immunity ................--------- 55
Clinical Course and Disagofsis -------- ... - -- 56
Treatment and Prevemtlion---------- --------------- 57
summary---------------------- ------- ---------- -- 57

III Dengue (RickardB.Capp@, MD.) -------------------------------- 59
Introduction.............................................fi9
Incidence ------------- --------------------------------- 60
SpdclflcOutbmks... .------------------------ ----------.--- 60
Clinical Mandwestati-n. --- ---------------------------------- 71
Scientific Inyestigation. -------- ------------------- ---------- 78

ZVU



XVIII CONTENTS

Chapter Page
IV Neurotropic Virtu Dweases (JoAh R. Paud, M.D.)-__ 79

The Arthropodborue Virus Encephalitide .------------.. 79
Poliom yelitis ---------------------------.. 91
Lymphocytic Cboriomeaiugitis ----------------------- 99
R abies ............................................. 10 1

V Q Fever (Chart" A. Ragan, Jr., M.D.) ------------------- 103
Occurrence ----------.-------.----------------------- - 103
Clinical Features .. ..-----------------------------------... 10
Epide-•-1 -----------------------------------------. I08

VI ScrubTyphus (Chris J. D. Zarafoasiw , M.D., ed ?1.W P. Baker, M.D.). inI
Cliueial Exprience ------------------------------------- 112
Pathology -------.------------------------------------ 132
Laboratory AidM in Diagnoesi--------------------------..... 133
SpeciAc Treatment ------ _----------------------.--- ---- - 136
Postwar Studies ----------------------- _-----.---- ------- 138
Summary ...........------------------------------. 139

VII The Typhus Fevers (CAW J. D. Zerqfoi, M.D.) ----------------- 143

Part I. Epidemic Typhu.

Epideniology-- -------------------------------------- - -143
(*liniesl Experience ----------------------------------------- 145
l'athoog- .........................-- _.--_----------------- 169
D~evelopment and Use of Laboratory Aide in Diagnosis -------- 179
Treatment ............................................. 192

Part II. Brill's Diseas

illstorical Note ......................... ................ .. 201
E pidemiology ................ 202
Clinial Picture ............ 202
J )iaos ----------.--- ------------------------------- -202

Part 111. Endemic (Mturine) Typhus

Epidemiology ........................... .. ... .. .. 204
Clinical Experience --------------------- .......... 205
Laboratory Aids In Diagnosis ........................ 213

Part IV. Summary

Epidemic Typhus .................................... 215
Endemic (Murine) Typhus ........................------- 221
Epilogue ------------------------------------------------. 223

VIII Rheumatlc Fever (L.weU A. Rans, M.D.) --------------------- 225
Epidemiology and Statistics.-------------------------- .. 228
Clinical Picture- ................. 229
Early Treatment and Course ------------------- - ... 232
Late Treatment and Resul.ts---------------------- 233
ReconditioninR -----------------.----------- 235
Disposition - - - -- - - 236
Control -.-.-..------------------------------- 237
RSmmarch ..------ ------------ -------- . 12
Summary-------------------------------- 238



OONTENTS XIX

Chapter Par
IX Meningoeoccal Infections (Worth B. Daniela, M.D.) ......- 239

H istorical N ote ----------------------------------------------- 239
Incidence During W orld W ar 1I -------------------------------- 241
Pathogenesis ------------------------------------------------- 244
Meniagococcai Bacteremia ------------------------------------- 244
Fulminant Meningococcal Bacteremia ---------------------------- 249
Meningococcal Meningitis -------------------------------------- 256
Com plications ------------------------ .------- ............- 258
Other Meningococcal Infections--------------------------------- 259
Laboratory Diagnosis ------------------------------------ ---- 260
Treatment --------------------------------------------------- 261
Pathological Findinp ------------------------------------------ 270
Treatment of Meningococcal Infections -------------------------- 271
Discussion --------------------------------------------------- 273

X Cutaneous and Other Aspects of Diphtheria (Aperill A. Liebow, M.D.,

and Jols H. Bumstued, M.D.) ------------------------------------ 275

Part 1. General Aspects of the Military Problem

Incidence ---------------------------------------------------- 275
Immunization ------------------------------------------------ 278

Part 11. Tropical Ulcers and Diphtheria

Sources and Dissemination of Information ------------------------ 279
Morphology -------------------.------------------------------ 284
Morphology in Relation to the Bacteriology of the Lesions --------- 288
Methods of Diagnosis --------------------------------------- 293
Associated Clinical Findings ------------------------------------ 295
Relation to the Schick Reaction --------------------------------- 296
Cutaneous and Extracutaneous Diphtheria ----------------------- 297
Complications ------------------------------------------------ 298
Treatment of Cutaneous Diphtheria ----------------------------- 304
Cost of Cutaneous Diphtheria to the Army ----------------------- 307
Role of Cutaneous Lesions in the Spread of Diphtheria ------------ 308
General Considerations of Diphtheria in the Tropics .--------------- 310
Association of Cutaneous and Nasopharyngeal Diphtheria in Military

Units in the Tropics ----------------------------------------- 312
Diphtheria Transmitted From Military To Civilian Populations ----- 315

Part III. A New Hemolytic Corynebacterium in Man

Part IV. Use of Penicillin in Treatment of Diphtheria

Part V. Problems Remaining for Investigation

Part VI. Summary



XX CONTENTS

('hapler POW

X1 Tuberculosis (lamond R. Long, M.D.) --- ..-- 321,

Part 1. Tuberculosis in the Army

Historical Peroptetive ----.-.... 329
Discovery of Tubereulosis lit-fore Induction 331
Discovery of Tuberculosis in the Army .... 333
Incidence and Discharge Rates ---------------.. 334

Part II. Occurrence in Oversea Arnas

Fu: ope.an Theater of Operations -.-.-.---.------------- . 339
North African and Mediterranean Theaters of O)peration .. 353
South Pacific Area------------...... 357
,4outhweit Pacific Area --- ----- - 360
Western Pacific Bame Command ------------ -------------- 362

Middle Pacific ------------------.......... 364
China-Burma-India Theater ........ .......... -.-----. 364
Alaskan Depart ment -..----.------- ..------- ..... 365
Latin American Area _. - _ . .. . . . ..- ------ 366
Middle East ... ................................ 366
Far Fast ......... ......------------- 366

Part 111. Particular Aspects of the Diwase

Extrapulnonary Tuberculosis ------ --------------------------. 367
Pleurisy With Effusion ---------------.------------.----------- 370
Spontaneous Pneumothorax -----------------------.------------ 372
Mortality From Tuberculosis ---------------------------------- 375

Part IV. Hospitalisation and Treatment in the Zone of Interior

General Principles of Evacuation- . .......... ..... 378
Specialty Centers for Treatment ------.---.----------------. 381
Orientation and Rehabilitation -------------------.------- 388

Part V. Care of Recovered and Captured Prisoners of War

Recovered Prisoners of War ----------------------... ----- 390
Captured Prisoners of War---------392
Treatment Under the Military Government in Germany ----------- 397

Part VI. Tuberculosis in British and Canadian Military Forces

Royal Navy---- -------------------------- --- _--.---- 400
Royal AirFore-- -.-.-....------------------------------ 402
Canadian Army -------------------------------------------- 403

Part VII. Significance of Army Experience for Control of Tuberculosis

XII Diagnosis and Treatment of the Venereal Diseases (PaNu Padgt, M.D.).. 409
Historical Note -----------------------------------------.. 409
Gonorrhea ------------------------------------------- 410
Nonspecific Urethrltls ---------.---------------------.-. 418
Syphilis -------------------------------------------.-------- 418
The Minor Venereal Diseases ----------------. --- - 430
Induction of Individuals With Venereal Disease. ...... ... 433
The Results .---------------------------------------- 434



CONT&NTS XXI

Chapter Palre
XIII Fort Bragg Fever (Worth B. Daniels, M.D.) ------------- 437

Recognition of a New Dies ----------------- 437
Differential Diagnosis ---------- ---- ---------------- -------- 441
Epidemiological Aspects-------------------------------------- 442
SpecilInvestigation ..-------------------------------------- 44?
Addendum ---------- I------------------- ---------------- 446

XlV Statistics of Malaria (Fred H. Mewrey, M.D.) --------------------- -449
Historical Note ------------------- -------------------------- 449
World War -I --------------------- 451
Types of Malaria----- --------------------------------- 454
Relapse in Malaria-------------- --------------- *------------ 455
Duration of Hospitalisation-------- --------------- ----------- 459
Deaths Due To Maia460
Summary ------------------- _-------- ----------- 463

XV The Suppression of Malaria (Beip~4auusaM. Baker, M.D.) -------- 465
Factors In Early Failures in Suppression of Malaria-------------- 466
Effects of Atabrine Withdrawal ------------------------ ------- 468
Effect of Suppressive Therapy on Parasite Species----------------- 469
Long-Term Clinical Experience With Atabrine Suppression ---------- 471
I.oncentratlon of Atabrine in the Blood at Levels Effective for Sup-

presslon ------------------------------------------------- 473
Undesirable Effects of Atabrine-------------------------------- 476

XVI Clinical Aspect. of Malaria (Harold D. Leavie, M.D.) ------- --------- 479
Predisposing Factors ---------------------------------------- 480
Prodromal Symptoms---------------------------------------- 481
Clinical Symptoms of the Acute Attack ------------------------ 481
Complications of Malaria -------------- --------------------- 484
Chronic Malaria-------------------------------------------- 487
Relapses in Malaria----------------------------------------- 488
Supporting Evidence From the Laboratory. ------------------ 489
Differential Diagnosis -------------------------- ------------- 491
summary ------------------------------------------------- 492

XVII Treatment of Malaria (Perrin U. Long, M.D.) ---------------------- 493
Introduction ----------------------------------------------- 493
Experience in the Pacific ------------------------------------- 495
Experience in the India-Burma Theater ------------------------- 498
Experience In the Mediterranean (formerly North African) Theater

of Operations -------------------------------------------- 502

XVIII Clinical Trials of Antimalarial Drugs (Harry Most, M.D.) ------------ 525
Penicillin_----------------------------------------------- 2
Heavy Metals---------------------------------------------- 526
Sulfonamides----------- ----------------------------------- 528
Cinchona Alkaklods------------------------------------------ 531
Qulnacrine Hydrochloride (Atabrine) --------------------------- 538
4-AmInoquinoline Compounds--------------------------------- 559
8-Amlnoquinollne Compounds ----------------------- --------- 579
summary ------------------------------------------------- 592

INDEX ----------------------------------------------------------- 599



XXII CONTENTS

Illustrations

Figure Pawe
I Male and female of PAhebotonss papeiakii--------------------------------54
2 Medical officers inspect water for mosquito breeding patches, Queensland,

Australia ----------------------------------------------------- 61
3 Enlisted men spray stagnant pond with kerosente guns to destroy larvae in

mosquito control, Rockhamipton, Australia--------------------------- 62
4 Conditions which favor mosquito breeding ---------------------------- 66
5 Aerial view of Manila being sprayed against mosquitoes and flies with

DDT insecticide by C-47's-------------------- ------------------ 68
6 Medical officer distributing mosquito repellent-------------------------- 71
7 Rash of dengue fever --------- ------------------------------------ 73
8 "Ulcer" eschar In toutaugamushi fever -------------------------------- 115
9 Fochar on ankle in tsutsugamushi disease---------------- ------------- 141

10 Rash of tautaugamushi disease -------------------------------------- 141
11 Maculopapular rash on third day of disease ---------------- ---------- 167
12 Capillary In derma showing swelling and proliferation of endothellum to

point of occlusion---------------------------------------------- 173
13 Finely granular capillary thromnbus, with pericapillary collection of mono-

nuclear cells in derma------------------------------------------- 173
14 Necrosis and thrombosis of dermal capillary --------------------------- 174
15 Swelling and proliferation of endothetium of capillary in tongue ----------- 174
16 Occlusion of capillary In tongue by swelling and necrosis of endothelium. -- 174
17 Myocardium ---------------------------------------------------- 174
18 JArg cerebral nodule showing its relation to a capillarv ----------------- 175
19 Mural thrombus in subendocardial arteriole --------------------------- 175
20 Granular thrombus in arteriole in submucosa of trachea and cellular infil-

trate beneath basement membrane of mucoea------------------------ 175
21 Cellular thrombus in arteriole of testis-------------------------------- 175
22 Point of attachment of base of mitral valve, with disruption of elastics,

edema (mucoid), infiltration of mononuclear cells, and production of
fibroblasts ---------------------------------------------------- 176

23 Acute interstitial myocarditis, with diffuse infiltration of mononuclear cells-. 176
24 Acute Interstitial myovitis of tongue, with infiltration of mononuclear cells.. 176
25 Small nodule of mononuclear cells in skeletal muscle attached to thyroid

gland -------------------------------------------------------- 176
26 Mononuclear infiltrate in corticomedullary junction of kidney ------------- 177
27 Focal interstitial orchitis about a dilated capillary ---------------------- 177
28 Mononuclear cells forming interstitial exudate in acute myocarditis----------177
29 Nodules In posterior lobe of pituitary identical with those In the brain and

spinal cord---------------------------------------------------- 178
30 Hyperplastia of sinusoidal endothelium of the liver and Infiltration of mono-

nuclear cells.--------------------------------------------------- 178
31 Lung, alveolar exudate showing many rickettsia-like bodies in cytoplasm

of polymtorphonueler leukocytes---------------------------------- 178
32 Pancreas, infiltration of mononuclear cells in the Interlobular septum, dila-

tation of acini, and inspissation of secretion ------------------------- 178
33 Counties lit I I Southern States reporting cases of endemic typhus fever,

1922-ag and 1943-45------------------------------------------- 206
34 Typhus fever patient on U.S.A. Typhus Commission Ward, Fever Hospital.

Cairo, Egypt -------------------------------------------------- 218



CONTENTS XXIII

Pigure Pe
35 Rash in meningococcal bacteremla ------------------------------------ 245
36 Widespread ecchymotic rash in a patient with fulminating bacteremia and

hemorrhages into the adrenals ------------------------------------- 254
37 Multiple diphtheritic ulcers of lower extremity acquired in New Zealand... 285
38 Typical chronic ulcer of 4 weeks' duration -----------------.---------- 286
39 Diphtheritic skin ulcers ---------------------------------------------- 287
40 Penile ulcers ------------------------------------------------------- 288
41 Epidermophytosis superinfeeted with Corynebacterium diphtheriae .--------- 289
42 Moist, desquamative, and ulcerative dermatitis ------------------------- 290
43 Cutaneous diphtheria as seen in the India-Burma Theater --------------- 291
44 Diphtheritic paronychiae -------------------------------------------- 311
46 Toxigenic Coryanebacrium diphtheriae in skin of palms and multiple paro-

nychlae, acquired in the Solomon Islands ---------------------------- 311
46 Exudate from diphtheritic ulcer -------------------.-----.--- 320
47 Exudate from ulcer in lesion ------------------------.------------ 3
48 Chronic ulcer of ankle containing Corynebaderium diphiheriae ............- 321
49 Diphtheritic ulcers in children --------------------.-------- ---- 322
50 CorneFbadcriunt hemolyticum colonies on blood agar --------- 323
51 Coryebadmerium diphtheriae on human blood agar ---------------------- 32,
52 Cormtebweriust henslyfticup on human blood agar ------------.-------- 323
53 Corywebacteriutm henotylicum colony as seen under low power, split lens of

microscope - ------------------------------------------------- 323
54 Corymebaceriunm hemoilticum on L6ffler's serum ------------- .-------- 324
55 Corymwbaderium diphAheria, on LAffier's serum ------------- 324
56 Poisoning by Mapharsen in treatment of syphilis ---- 421
57 Erythematous skin lesions over the pretiblal regions -------- 439
58 Generalized form of skin eruption ------------------------------------- 441
59 Lt. Col. Garfield G. Duncan, MC, explaining malaria suppressive therapy

charts to Gen. Douglas MacArthur, Queensland, Australia ------------- 467
60 Brig. Gen. James S. Simmons and Col. Arthur Fischer, GSC, inspect

cinchona seedlings ----------------------------- ------------------ 531

Charts
Number

I Incidence of sandfly fever and fever of undetermined origin in the North
African-Mediterranean Theater of Operations, U.S. Army, 1943-45 ------- 55

2 Seasonal incidence of poliomyelitis in the Army in the continental United
States compared with contemporaneous civilian rates, 1943-46 ---------- 92

3 Incidence of poliomyelitis In the U.S. Army, by selected area and year,
1940-48 ------------------------------------------------------------ 99

4 Clinical and laboratory findings in patient with "E" severity typhus fever.. 148
5 Clinical and laboratory findings in a fatal case of epidemic typhus fever-.- 150
6 Clinical course and early serological findings in a moderately severe case of

epidemic typhus In a vaccinated individual ----------------------------- 161
7 Clinical comparison of vaccinated and unvaccinated groups of typhus fever

cases among employees of the Cairo Fever Hospital, El Abbasa, Egypt. -. 166
8 Temperature chart and pertinent laboratory findings of the only known case

of typhus fever occurring among U.S. Army troops in Sicily, 1943 -------- 167
9 Effect of para-aminobensoie acid on time of death in chick embryos infected

with RickUsia prowaseki ----i---------------------------------------- 196



XXIV CONTENTS

Number Page

10 Comparison of temperatures of 20 para-aminobenzoic acid treated patients
and 19 alternate control patients, Cairo, Egypt, 1944 and 1945 ----------- 198

11 Total reported cases of nourine (fleaborne) typhus in the United States,
1931-45 ----------------------------------------------------------- 207

12 Admissions to U.S. Army hospitals for meningococcal infections among
troops in the continental United States, by month, World War I and World
War II --------------------------------------.. . . . . ..------------ 240

13 Cae fatality ratios for meningococcal infections, by months, in the con-
tinental United States during World War I and World War 11 -.--------- 243

14 Number of cases of skin diseases and diphtheria and tonsillitis in the Afrika

Korps, 1942 ------------------------------------- ----------.-------- 313
15 Diphtheria in Germany, Norway, and the Netherlands, 1939-44 --------- 317
16 Diphtheria in France, Denmark, Sweden, and Switzerland, 1939-45 ------ 318
17 Incidence of tuberculosis in the U.S. Army in the continental United States,

World War I and World War I1 -------------------------------------- 335
18 Incidence of tuberculosis among U.S. Army troops in the United States and

overseas, January 1942 to June 1946 ---------------------------------- 336
19 Withdrawals from separation processing for pulmonary tuberculosis in U.S.

Army separation centers, July 1945 to August 1946 --------------------- 337
20 Disability discharges for tuberculosis among enlisted men in the U.S. Army,

1942-45 --------.-.--------------.------------------------------ 3_..138
21 Incidence of tuberculosis in the U.S. Army, by theater and year, 1942-45- - 361
22 A comparison of computed and actual rates reflecting savings attributed to

improved treatment of venereal disease, Army in the United States, June
1942 to August 1945 ------------------------------------------------ 434

23 Changes in therapy, incidence, and duration of treatment of venereal
disease, Army in the United States, June 1942 to August 1945 ----------- 435

24 Temperature, pulse, and leukocyte count of patient -------------------- 440
25 Malaria experience of an infantry regiment carefully followed for 34 months,

South Pacific Area, December 1942-August 1945 ------------- __.------ 472
26 Penicillin studies in three patients with vivat malaria -------------------- 527
27 Rate of disappearance of parasites during treatment of 497 acute attacks of

vivax malaria with quinacrine hydrochloride or quinine ----------------- 533
28 Relapse rates and intervals to relapse following treatment, by days, with

quinacrine hydrochloride or quinine of 250 acute attacks of rivax malaria
of Pacific origin ----------------------------------------------------- 535

21) Malaria rates in an infantry regiment under various schedules of suppres-
sion with qulnacrine hydrochloride, by week -------------------------- 547

30 Distribution of relapse in two groups of patients after treatment for acute
attacks of vivaz malaria of Pacific origin --------.--.----------------- 549

31 Comparative rate of disappearance of parasites from peripheral blood during
treatment of vvax malaria with quinine, quinacrine hydrochloride, and
chloroquine-.......------------------------------------------------- 566

32 Comparative efficiency of quinine, quinacrine hydrochloride, and chloro-

quine in controlling fever during treatment of delayed primary attacks of
relapses of vi'ax malaria -------------------------------------------- 567

33 Cumulative rates of relapses during a minimum of 120 days following treat-
ment of acute attacks of niwz malaria with quinine, quinacrine hydrochloride,
and chloroquine ----------------------------------------------------- 568

34 Comparison of distribution of relapses occurring during the first 60 days
after treatment of acute attacks of vipam malaria of Pacific origin with
quinine, quinacrine hydrochloride, and chloroquine ---------------------- 569



CONTZNTS XXV

Nv mh Page
35 Average plasma levels of chloroquine during and after treatment under plans

A, B, andC C- -- ------------------------- - --------------------- 570
36 Relapse rates and intervals to relapse after treatment of acute attacks of

vionz malaria of Pacific origin with various drugs ...-.........---.-.-- 584

Tables

1 Admission rates for the various designations of Vincent's infection in the
U.8. Army during World War I and World War I I---------------------- 5

2 Admisions for primary atypical pneumonia, bacterial pneumonia, and other
pneumonia, in the U.S. Army, 1942-45 -------------------------------- 27

3 Incidence of dengue in the U.S. Army, 1942-45 ------------------------- 60
4 Incidence rates for dengue in U.S. Army personnel in New Caledonia and

Esplritu Santo, from January to August, 1943 and 1944 ----------------- 63
5 Breeding index of Aede, moaquitoes in Honolulu, T.H., from August 1943 to

August 1944 ---------------------------.---------------------------- 64
6 Incidence of dengue in U.S. Army personnel in New Guinea and adjacent

islands, January 1944 to August 1945 -------------------------------- 65
7 Incidence of dengue in U.S. Army personnel in the Philippine Islands, No-

"vember 1944 to December 1945 --------------------------------------- 67
8 Daily report of new caes of dengue at height of the epidemic in Saipan, 14

September to 6 October 1944 ----------------------------------------- 70
9 Physical signs and symptoms of 418 cases of dengue in two groups in U.S.

Army patients, 1944 ---------.-------------------------------------- 74
10 Admissions for encephalitis in the U.S. Army, 1942-45 ------------------- 84
11 Deaths due to encephalitis in the U.S. Army, 1942-45 ------------------- 85
12 Number of cases and deaths due to scrub typhus In the Southwest Pacific

Area, U.S. Army, January 1943 to August 1945 ------------------------ 114
13 Epidemic typhus in French North Africa, Egypt, and Iran, 1930-44 ------- 145
14 Incidence of epidemic typhus fever (louseborne) in the U.S. Army, 1942-45. 146
15 Serological findings and immunization record in three cases of epidemic

typhus incurred subsequent to immunlzat.on with typhus fever vaccine--- 63
16 Clinical summary of five case, of epidemic typhus fever incurred subsequent

to immunization with typhus fever vaccine ----------------------------- 164
17 Comparison of typhus in three groups at Belsen Concentration Camp,

Belsen, Germany --------------------------------------------------- 169
18 Wedl-Felix Proflae agglutination tests in epidemic typhus (case 1344) - --- 180
19 Weil-Felix Proluw OX-19 agglutination results on 1,002 sera from 203

patients with typhus fever ------------------------------------------ 181
20 Serological findings in three typhus caes with negative Well-Felix OX-19

agglutination results ------------------------------------------------ 182
21 The usual Well-Felix reactions in rickettsial diseases --------------------- 182
22 Complement fixation test results in case 1344, epidemic typhus fever ------ 184
23 Complement fixation results on 1,002 sera from 203 patients with typhus

fever -------------------------------------------------------------- 186
24 Serological findings in two cases of typhus fever with negative results in

complement fixation tests --------------------------------------------- 188
25 Serological findings in a patient with epidemic typhus fever contracted

after receiving 5.0 cc. of Cox-type vaccine ----------------------------- 187
26 Rlckettaial agglutination test rpsults In awe 1344 ----------------------- 189



XXVI CONTENTS

Numb.? Page
27 Epidemic neutralizing antibody findingh in case 1344 ------------------- 191
28 Incidence of endemic typhus fever (fleaborne) in the U.S. Army, 1942-45 207
29 Serological studies on an Americatn joldier with murine typhuis .... 210
30 Serological results found in individuals immunized with epidemic typhus

vaccine and who subsequently contracted murine typhus ---------------- 211
31 Serological findings in two cases of probable murine typhus fever occurring

in vaccinated individuals at Dakar, French West Africa. ----------------- 213
32 Serological results in an unvaceinated individual infected with murine

typhus fever(eae 1) ------------------------------------------------ 214
33 Clinical and historical information on rheunmtic fever as observed in three

U.S. Army general hospitals ------- _---------------------.------------ 230
34 Incidence and deaths due to meningoeoccal infectious, US. Army, World

War I and World War 11 ------------------------------------------- 242
35 Comparative mortality of certain mfectkma diseases in the U.S. Army, 1942-

45 ------------------------------------------------------------- 243

36 Cause of death in 300 cases of meningocuccal infection reviewed at the
Armed Forces Institute of Pathology --------------------------------- 251

37 Severity of adrenal hemorrhage and duration of life in 126 of 300 fatal cases
of meningocoeeal infection ------------------------------------------- 256

38 Duration of life in relation to severity of illness in 118 of 144 case of men-
ingitis studied at the Armed Forces Institute of Pathology -------------- 257

39 Distribution of types of meningocorci in 1,436 eaw*s of meningocoecal in-
fection, Fourth Service Command Laboratory, August 1942-December 1945- 261

40 Incidence of diphtheria in the U.S. Army, 1942-45 ----------------------- V6
41 Deaths due to diphtheria in the U.S. Army, 1942-45 -----------.--------- 277
42 Incidence of cutaneous diphtheria in the U.S. Army, 1944-45 -------------- 2 277
43 Schick reactions of individuals with diphtheritic tropical ulcer* in 3 infantry

divisions in the South Pacific Area ------------------------------------ 296
44 Study of influence of antitoxin on incidence of complications in diphtheria,

20th General Hospital, India-Burma Theater ........................... 305
45 Cases of diphtheria in the 27th Infantry DIvision in rest area in the New

Hebrides, 16 September-29 October 1944 ............................... 314
46 Admissions, deaths, and disability separations due to tubercular diseases in

the U.S. Army (Union only), May 1861-June 186 ..................... 6-

47 Incidence rates for tulerculosis In the Army in the European theater of
operations and in the continental United States, 1942-45 ................ 340

48 Prevalence of tubereulsis, all forms, In U.8. Army nurses in the European
theater of operations, 1942-45 ---------------------------------------- 343

49 Incidence of nonpulmonazy tuberculosis (excludes pleural tuberculosis) In
the U.S. Army, 1942-45 ............................................... 36

50 Incidence of tuberculosis of pleura and sero6brinous pleurtitis in the U.S.
Army, 1944-45 ..-.................................................. 371

51 Admissions and readmissions for spontaneous penumothorax in the U.8.
Army. 1943-46 ..................................................... 373

52 Deaths due to tuberculosi, in the U.S. Army, 1942-46 ................... 377
53 Total attack rate for malaria in the U.S. Army, by type of plasmodium,

1941-46 ........................................................... 454
54 Attack rates of malaria, all form., in the U.& Army, 1942-46 ............ 451
53 Attack rawt of vivax (tertian) malaria, in the U.S. Army. 1942-45 -------- 456
56 Attack rates of falciparum (estlvo-autumnal) malaria, in the U.S. Army,

194 ,-45 ........................................................... 456
57 Attack rates of malarise (quartan) malaria, in the U.S. Army. 1942-45 .... 457



CONTENTS XXVII

Number Page

58 Attack rates of mixed malarial infections, in the U.S. Army, I9245 - -...... 457
59 Attack rates of other and unspecified forms of malaria, in the U.S. Army,

19 4 2 - 4 5 . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . .. . .. . . . . . . . .. . . ... . . . . . .... 4 58
60 Average number of days in hospital and quarters for adniwiotn-, anid readmis-

*ions due tu malaria and fever of undetermined origin, in the U.S. Army,
1942, 43, and 1945 -------------------.------------------------- 460

61 Deaths due to malaria, in the U.S. Army, 1942-45 -. --------------------- 46
62 Deaths due to vivax (tertian) malaria, in the U.S. Army, 1942-45 -------- 461
63 Deaths due to falciparum (estivo-autumnal) malaria, in the U.S. Army,

1942-45 ------------------------------.-------------.-------------- 461
64 Deaths duo to malaria, mixed type, in the U.S. Army, 1942-45 ----------- 462
6t Deaths due to malaria, unclasified and other, in the U.S. Army, 1942-45., 462
66 Malaria eases in the Mediterranean (formerly North African) Theater of

O0erutions, U.S. Army, 1942-45 -------------------------.------------ 503
67 Experience of 32 hospitaks with malLari during the entire .riod of operation

in the Mediterranean (formerly North African) Theater of Operatiouj,
U.S. Army, to August 1944 ------------------------------------------- 504

68 Malaria cases discharged from all hospitals in the Meditrwaaean (formerly
North African) Theater of Operations, U.S. Army, 15 September 1944 to
l May 1945 .....---------- -----.------.---------------------. W55

$9 Result* of study of duration of fever after start of treatment in 28 quinine-
treated cames and 24 Atabrine-t4eated eases of malaria -.-.-.-- ---------- 511

70 Incidence of attaWks of marlria reported by 27 hospitals in the Mediterranean
(forrmerly North African) Theater ot Operations, U.S. Army -------------- 515

71 Incidence of relapses due to muaria repo ted by 18 hospitals ui the Mediter-
raiwean (formerly NortL kfriean) Theater of Operations, U.S. Army. .- -... 515

72 Malaria patiento evacuated to the Zone oa Interior from the Mediteruanean
(formerly North African) Theater of Operations, U.S. Army, 25 hospitals

repocting ....................................................... 516
73 Experimental 6.14 tents with aulfamerazine, Atabrine, and sutfapyraaine. - 5- K
74 Representative• treatment schedulta o, ehkquine- ..................... 5%
75 Relative e.fteiecy ot quinine, quiiacrmne bydroheloddi, sntd chimorquine

in troatnwnt of acute attacks of utea s malar........................ 569
76 Results of treatment in tout 1groutp of patients admlnuietrd antiltaiarl

drsup for acute attacks of e•as mslaria of PacAe origin............. 84



CHAPTER I

Respiratory Diseases
Yale Kneeland, Jr., M.D.

GENERAL CONSIDERATIONS

Diseases of the respiratory tract may be divided into two groups: The
acute infections and the chronic diseases which iay or may not be infectious.
Most of these conditions will be dealt with in this chapter, although certain
exceptions will be made. For example, in World War 11, the interrelation-
ship of tonsillitis, scarlet fever, rheumatic disease, and nephritis was inten-
sively studied; the subject of streptococcal infections as a whole will be
discussed elsewhere. Similarly, two chronic infections, tuberculosis and coc-
cidioidomycosis, will be described by others. Lastly, chronic sinusitis, aero-
otitis, and the like, are primarily the concern of the otologist and will not
be considered here.

The acute respiratory diseases which immediately come to mind are the
common cold, influenza, and pneumonia. These are communicated by drop-
lets and droplet nuclei and are thus allied to certain virus infections, such
as measles, which are also presumably transmitted in this way. Certain
communicable diseases of childhood will also be included here. Cerebro-
spinal fever and ,iphtheria, however, although their portal of entry is the
respiratory tract, will be discussed elsewhere in this volume. Clinical syn-
dromes of unknown etiology, bizarre manifestations occurring only in local-
ized outbreaks and not generally recognized as disease entities, are not in-
cluded. This still leaves a large field for discussion.

Any general consideration of disease in World War II immediately in-
vites comparisn with the experience "i World War I. Exact comparisons
of morbidity and mortality of acute respiratory diseases in the two wars are
not, however, possible for two reasons- First, more exact knowledge of the
dismam. led to a change mi terminology; and second, certain new concepts,
for example, that of atypical pneumonia, evolved. In spite of this, a rough
and startling comparison may be made of the 46,640 deaths from influenza,
lobar pneumonia, bronch-pneumonia, bronchitis, and measles in the First
World War,' roughly 73 percent of total deaths from di.ease. and the 1,285
dleaths from the same causes in the Second World War when an army well
over twice the size of that of World War I was mrbilizel for a longpr period.

Faetors which played a role in this extraordinary chang, in i11portai;i-e
of ti* diseas* just mentioned were the advent of sulfonamides and anti-

'Tb. M,•~IkuI Vart•ualt of the Vntotd Mate,* Army Ia the Wortal War. W*.biug1tnn- 11-8.
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2 INFECTIOUS DISEASES

biotics, the absence of pandemic influenza of the 1918 type, all apparent
change in the whole pattern of respiratory infection between the wars, and
a greater degree of immunity to certain communicable diseases in the general
population. The last was probably brought about by greatly increased com-
munications which lessened isolation of rural areas. In addition, the almost
universal roentgen examination of the chest at induction undoubtedly low-
ered the incidence of chronic pulmonary diseases found in troops during
World War II.

In the following pages, the occurrence and course of each disease in
question during World War II is discussed, with emphasis placed upon prob-
lems of diagnosis, treatment, and general management which were significant
in a military sense. The chief military significance of many of the acute
communicable diseases is epidemiological, and this aspect of the question has
been exhaustively presented in other volumes in the history of the Medical
Department in World War 11.2 It is obvious that in many instances infor-
mation will overlap. Some of the material will of necesity be repetitious.

Insofar as possible, proper names are avoided in the text, but where pub-
lished material has been drawn upon, full acknowledgmnent is given. Other
sources employed are as follows: Preliminary data from the Medical Statis-
tic' Division, Office of the Surgeon General; the writer's own notes while he
served as consultant in an oversea theater; essential technical medical data
sent in by various theater surgeons; reports submitted by medical con'aultants
throughout the world; and other unpublished notes, manuscripts, and memo-
randums in the Professional Service Division, Office of the Surgeon General.

Part I. Acute Respiratory Diseases

COMMON UPPER RESPIRATORY INFECTION

Introduction

The term "common upper respiratory infection" includes a leterogeneous
group of ill-defined conditions. In fact, it is a kind of scrapbasket which
encompasses all the acute respiratory diseases after eliminating the pneu-
monias and influenza. In a general way, the group includes the common
cold; nasopharyngitis which may or may not be due to the influenza virus;
infection of the pharynx and tonsils produced by certain micro-organisms,
such as the hemolytic streptococcus and Vincent's organisms; and bronchi-

3 (1) Medical Department. United States Army. Prrventliv Medicine In World War II. Volume
IV. Communicable Diseames Tranumitted Chiefly Through Respiratory and Alimentary Tracts.
Washington: U.S. Government Printing Oflce. 1968. (2) Medical Department. United States Army.
Prventive Medicine In World War ii. Volume V. Communicable Diseases Transmitted Through
Contact or By nitnkoowm Meana. Washington: U.S. Government Printing Offiee. 1960. (3) Medical
Department. United States Army. Preventive Medicine In World War It. Volume VI. Communi-
cable Diseams: Malaria. (In press.1 (4) Medical Department. United Stat" Army. Preven-
tive Medicine in World War II. Volume VII. Communicable Diseases: Artbropodborne Diseases
Other Than Malaria. (In preparatlon.)
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tis. The latter is a loose term limited by some physicians to cases in which
dry rales are audible; that is, the asthmatic type, while others may use it to
describe an acute respiratory infection with substernal soreness and paroxys-
mal cough. It is probable that the viruses of common respiratory diseases,
influenza, and atypical pneumonia can all produce this clinical picture, and
it may also be the result of infection by such organisms as pneumococci or
ilemophilus i nfluetwae following a cold. InI any cases, it is not an etiological
eutit%

The common cold had been shown before World War II to be primar-
ily a virus disease. Experimental s idies are handicapped by the fact that
only man and the anthropoid ape are susceptible to the virus, and such ques-
tions as that of immunity and whether the virus is an entity or whether
several distinct viruses exist were not settled. The Commission on Acute
Respiratory Diseases of the Army Epidemiological Board (Board for the
Investigation and Control of Influenza and Other Epidemic Diseases in the
Army) during the war undertook, under the direction of Dr. John H.
Dingle, to investigate the transmission of common respiratory diseases. Evi-
dence was produced 4 that there are at least two viruses: One, the coryzal
type with it short incubation period, producing little if any active immunity;
the other, with a longer incubation period, giving rise to more constitutional
symptoms, often attended by fever, and conferring immunity against homol-
ogous reinoculation. The second type came to be known as "undifferentiated
respiratory disease." As the number of transmission experiments was small,
there is no information as to the relative frequency of infection with these
two agents. Recent observations by Atlas6 suggest that more viruses of
common respiratory infection may exist.

The presence of pathogenic bacteria in the upper respiratory tract adds
to the complexity of the etiology of common respiratory diseases. Purulent
complications, such as otitis and sinusitis, are due to bacterial infection, but
there is no proof of the role played by identified pathogenic organisms in the
production of subacute catarrhs, sphenoethmoiditis. and the like. The best
opinion during the war. confirmed by the use of chemotherapeutic agents in
adults, was that the average cold is a fairly pure virus disease, but that the
relationship of virus to bacteria was often not clear.

Colds are, on the whole, more serious in infants than in adults. Infants
usually develop a fever with a cold, and complications are more frequent.

SDocbes. A. R.. Mills. K. C.. and Kneeland. Y.. Jr.: Studies on the Common Cold: Cultivation
of Virus In Tissue Medium. J. Exper. Met!. 63: 559-579. April 1936.

'Comminmson on Acute Respiratory Diseases: Experimental Transmission of Minor Respiratory
Illness to Human Volunters by Filter-Passing Agents. 1. Demonstration of Two Types of Illness
Charactvrled by Long and Short Incubation Periods and Different Clinical Features. II. Immunity
in Rlnoeulation With Apnts From the Two Types of Minor Respiratory Illness and From Primary
Atypical Pneumonia. J. Clin. Investigation 26: 957-973: 974-982. September 1947.

SAtlas. L. T.: Minor Respiratory Diseases; Studies With Four Agents in Human Volunteers.
Abstract in J. Clio. investigation 32: 552-553. June 1963.

s Cecil. R. L. Plummer. N.. and Smnllih. W. 0.: Sulfadlaslne In the Treatment of the Common

Cold. J.A.M.A. 124: 6-14. 1 Jan. 1944.
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Various pathogenic bacteria are more conspicuous in cultures made from
children,7 and this suggests that they may have some influence on the sever-
ity of colds even in the absence of definite purulent complications. Con-
trolled studies made during the early war years of the use of sulfonamides
in very highly susceptible children support this concept.8

It was the writer's impression that soldiers reacted to common respira-
tory diseases in a manner more suggestive of childhood than of adult life.
They tended to develop fever of higher degree than that seen in general civil-
ian life. Youth, exposure, and crowding probably contributed to this clini-
cal pattern. Incidence of infection with the virus of undifferentiated respira-
tory disease may have been higher in the Army than in civilian life. What-
ever the reasons, the acute phase of the common cold was apt to be more
prostrating to soldiers than to office-working civilians. However, the soldier's
convalescence was usually rapid.

Severe throat infections caused by the hemolytic streptococcus, scarlet fever,
and rheumatic fever will be discussed elsewhere. However, a certain pro-
portion of admissions to the respiratory service of an Army hospital were
infections caulsed by this organism. Various complications to the usual sore
throat or inflammation of the lymphatic tissue are recognized, but in the
Army the most common was peritonsillar cellulitis.

The clinical picture of exudative pharyngitis is well recognized, and when
an acute tonsillitis or pharyngitis is observed showing whitish exudate, most
physicians assume it is caused by hemolytic streptococci. However, when
endemic exudative pharyngitis was studied closely by the Commission on
Acute Respiratory Diseases,9 in only about 50 percent of cases could the
hemolytic streptococcus be recoverd on culture and in only half of these
was there a rise in the titer of streptococcal antibody during convalescence
to suggest that the organism was playing an important role in the disease.
Since in only 25 percent of the cases of endemic exudative disease was the
laboratory evidence for streptococcal infection complete, the Commission
designated the other camtes as nonstrelptococcal exudative pharyngitis, and
some speculation occurred as to the possible viral origin of this condition.
Although, in the aggregate, cases of proved hemolytic streptococcal pharyn-
gitis differ clinically from the nonstreptococcal variety, mild cases may be
indistinguishable.

Vincent's organisms may also at times produce throat lesions which re-
semble streptococcal infections. The appearance of a typical case of so-
called Vincent's organisms differed, however, from that of a streptococcal
infection. The thick pseudomembrane and the tendency to ulceration were

7 Kneeland. Y., Jr.. and Dawes, C. F.: Studies on the Common Cold: The Relationship of
Pathogenic Bacteria to Upper Respiratory Disease In Infants. J. Exper. Med. 55: 735-744. May 1932.

8 Siegel, M. : Studies on Control of Acute Infections of the Respiratory Tract. 11. Oral Admin-
istration of Sulfadlaxine at the Onset of Acute Respiratory Illness. Am. J. Dig. Child. 66: 114-120,
August 1943.

9 Commission on Acute Respiratory Diseases: Endemic Exudative Pharyngitis and Tonsillitis;
Etiology and Clinical Characteristics. J.A.M.A. 125: 1163-1169. 26 Aug. 1944.
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characteristic, but differential diagnosis was not always possible, and it was
always necessary to rule out diphtheria. Vincent's stomatitis presented itself
often as only a dental problem, but occasionally the throat was involved as
well as the gunns; likewise, Vincent's infection of the throat without involve-
menit of the gums was also encountered. A comparison of the admission rates
for the various designations of Vincent's infection in World Wars I and 1I
is presented in table 1.

TAntLE 1.-Admission rates for the rarious designations of Vincent's infection in the U.S. Armny

during World War I and World War 11

[Rate expressed as number of cases per annum per 1,000 average strength]

Admission rate

Diignostic terminoloty World War II
World War I

1942-45 194-43 194445

Trench mouth -------------------------------------- 0.02 0 1.94 0
Vincent's angina -------------------------------------- 1.56 0 0 0
Vincent's infection (not elsewhere classified) ------------ 0 0 2. 30 0
Vincent's infection (all forms) ------------------------ 1. 58 3. 93 4. 24 3. 73

I Enlisted personnel only.

Experience in the Continental United States

Noneffectiveness

Common upper respiratory infection was the most prolific cause of non-
effectiveness in the U.S. Army. A graphic representation of its incidence in
the Army from 1925 to 1945, inclusive, would show a sharp rise around the
beginning of each year. An unusual peak was reached around the begin-
ning of 1941, when no major general epidemic was prevalent. This military
peak was coincident with a rapid increase in mobilization, the opening of
new camps, and the hurried assembly of large numbers of unseasoned civilians.

A careful statistical analysis presented by Dr. Philip E. Sartwell in
another volume in the history of the Medical Department in World War II
shows that the magnitude of incidence of common respiratory diseases in any
area is related to the proportion of new recruits.10 It is conceivable that the
unexpected increment of respiratory infection in recruits was due to infec-
tion with the virus of undifferentiated respiratory disease; that is, the one
which leaves some active immunity in its wake. The seasoning of troops is
of military importance insofar as common respiratory diseases are concerned
as it governs the amount of noneffectiveness to be expected.

For the remainder of the war, the curve of incidence of common respira-
tory diseases in the United States was astonishingly symmetrical. At about

to See footnote 2 (1), p. 2.

639243--63-3
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the same time during each war year, there was a recurring peak of almost
the same. dimension. Individual differences in type of disease and frequency
at various stations were cancelled out by the large numbers and wide geo-
graphic distribution.

Streptococcal infections were particularly numerous in the eastern slopes
of the Rocky Mountains and the Great Lakes area. Here, they were the sub-
ject of considerable study both in their less conspicuous form as part of the
mosaic of common respiratory disease and when they became epidemic and
were associated with scarlet fever and rheumatic fever. In cases associated
with common respiratory disease, treatment varied in different stations. The
types and amount of sulfonamides employed differed, although, when avail-
able, sulfadiazine was probably the most widely used. Controlled studies 11
in large numbers of cases indicated that sulfadiazine had no more effect
than the routine APC capsule on the duration of the febrile period or on
the length of hospital stay. In more severe cases, however, the drug seemed
to limit spread, to lessen cervical lymphadenitis, and to prevent the develop-
ment of frank abscess.

A study of air disinfection directed by the Army Epidemiological Board
demonstrated that certain glycols, when vaporized, killed micro-organisms 12

and also influenza virus.13 These substances seemed wholly nontoxic in bac-
tericidal concentration, but their efficacy was influenced by environmental
factors, such as humidity. 14 Under clinical conditions, they diminished air-
borne cross-infection. 15 These reports represented progress in the control of
infection, but practical limitations in the application of aerosols prevented
their use in the field. Oiling floors and bedding, another method aimed at
reduction of airborne infection, could not be shown to lower incidence of
common respiratory infection at Fort. Bragg, N.C.

In summary, common upper respiratory infection, while the commonest
single cause of military noneffectiveness, did not seriously interfere with the
training program. Prolonged disability as a sequel was almost entirely lim-
ited to the streptococcal infections. Mortality was insignificant.

Experience Overseas

Incidence.-The "transport cold" was a well-known feature of crossing
the Atlantic in wartime. Its widespread occurrence could be attributed to

11 Rusk. In. A., and van Ravenswaay. A. C.: Sulfadiazine in Respiratory Tract Infections; Its
Value in Treatment During the Winter of 1942-1943 at Jefferson Barracks, Missouri. J.A.M.A. 122:
495-496. 19 June 1943.

12-Robertson. 0. In.. Bigg, E.. Miller, B. F.. and Baker, Z.: Sterilization of Air by Certain
Glycols Employed as Aerosols. science 93: 213-214. 28 Feb. 1941.

I.3 Robertson. 0. IT., Bigg, E., Puck. T. T.. and Miller, B. F.: Protection of Mice Against Infec-
tion With Air-Borne Influenza Virus by Means of Propylene Glycol Vapor. Science 94: 612-61:.
26 Ic. 1941.

t4 Robertson, 0. n. : Sterilization of Air Withl Glycol Vapors. Harvey Loect. (1942-1943) 38:
227-254. 1943.

15 Harris. T. N.. and Stokes. J.. Jr.: Air-Borne Cross-Infection in the Case of the Common Cold.
A Further Clinical Study of the Use of Glycol Vapors for Air Sterilization. Am. J..M. Sc. 206 : 631-636,
November 1943.
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the great crowding, poor ventilation, and the bringing together of troops
from many different units, thus introducing new infective strains. It was
commonplace for as high as 80 percent of U.S. troops to contract a cold in
the course of the voyage to England.

In spite of the climate in England, colder and damper than that to
which Americans had been accustomed, the noneffective rate due to respira-
tory diseases was considerably lower there than in the United States. The
fact that U.S. troops were seasoned when they arrived undoubtedly contrib-
uted to the lower rate. In some Americans, the cold had a tendency to be-
come chronic, particularly during the first year overseas, but usually there-
after the men had become acclimatized, and chronic catarrh and cough were
much less marked. Individuals with a history of recurrent bronchitis were
apt to have difficulty with the English climate; in particular, any tendency
to asthma seemed accentuated. On the whole, however, the health of the
Army was excellent. and there was no undue incidence of sinusitis.

The incidence of common upper respiratory disease and influenza in the
European Theater ,of Operations, U.S. Army, pointed up the result of sea-
soning of troops. Lu November 1943, at the time of the epidemic of influ-
enza A, the incidence was slightly higher than in January 1943 when in-
fluenza was not identified. After November 1943, there was a steady decline
so that in June 1944 and thereafter throughout the winter of 1945 the non-
effective rate was at a very low level.

Clinical features of common upper respiratory infection in the Euro-
l)ean theater were not remarkable. Throat cultures yielded moderate num-
bers of higher type pneumococci and H. infiuenzae. The number of hemo-
I-tic streptococcus carriers was not large, and only sporadic cases of strep-
tococcal sore throat appeared during the winter months. The tendency to
develop peritonsillar cellulitis has been mentioned. In 80 percent. of such
cases, the. hemolytic streptococcus could be cultivated. The remaining 20
percent. clinically indistinguishable, may represent cases of nonstreptococcal
exudative pharyngitis with an unusual degree of swelling of faucial pillars.

The incidence of common respiratory infection in the Mediterranean
(formerly North African) Theater of Operations, U.S. Army, was consid-
erably below the average for the European theater and for the United States
in 1942 and 1943. In the summer of 1944. it was slightly higher, but at this
time morbidity elsewhere was unusually low. Common respiratory disease
presented one special problem in the Mediterranean theater-the likelihood
of its being confused with certain conditions which were endemic in the area,
particularly sandfly fever, malaria, and the preicteric stage of hepatitis.
Complications of common respiratory infections were not conspicuous, and a
total of but 10 deaths was recorded from such purulent infections as menin-
gitis.

Incidence of streptococcal infections in the Mediterranean theater was
low. According to Circular Letter No. 16, Headquarters, North African
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Theater of Operations. Office of tile Surgeon, 22 March 11.144, subject: Prelp-
airatioti of Medical D)epartment Reports and Records. U.S. Army, the term
".streptotcv'eal sore tihroat" was applied oiliy to acute phar"ng itis anut tonsil-
litis known or ..uspected to he claused by the beta helnolytic streptococcus,
and foo0borne and milktorne outbreaks of septic sore throat. During the
l1l-month period fromi I May 1944 to 31 March 1945, inclusive, when strep-
tococcal sore throat was relported separately, only 803 cases were reported.
Two snmall outbreaks were studied, one involving 112 men and the other, 38.
In both instances, it was thought that the streptocovcal infection was either
foodborne or milklhorne. Interestingly enough, not a single case of scarlet
fever developed as a result of these outbreaks.16

Atn acute outbreak of membranous pharyngitis in Sicily, in October
19)43. involved 96 men, 66 of whom were reported by the local civilian lab-
oratories as having throat cultures positive for Corynebaeteriom diphtheriae.
Subsequent investigation by the staff of the 15th Medical Generai Laboratory,
Naples, Italy. threw doubt on the diagnosis of diphtheria in this outbreak,
a11d the theater consultant in medicine later expressed the opinion that in all
probability it was of strel)tococcic origin. The epidemic was explosive and
lh.1d the character of a foodlh)rne or inilkborne infection.

Vii'ent's angina (as distinct from stonmatitis or trench mouth) was re-
ported only 990 times from the Mediterranean theater. Nevertheless, the
estiuaulted :admissions for the various types of Vincent's infection numbered
about 2,800R.

The adnmission rate for common respiratory infection in U.S. Army
F1 ores. ('China-Burnia-India, was comparable with that observed in tenper-
ate climates, although the curve of incidence was relatively devoid of seassonal
peaks. Clinical characteristics were stated to be astonishingly sinmilar to those
noted in the lnited States, and the complications as frequent.

The Pacific area is so vast that generalizations aboit disease therein
would be dangerous. Conditions in parts of Australia are quite similar to
those in temperate regions elsewhere, and common upper respiratory infec-
tion conformed to the familiar pattent. On small tropical islands, however.
the incidence was stated to be much less under normal conditions, rising
sharply with the arrival of large numbers of troops. Studies have been re-
porte(d from such areas indicating that the I)acterial float was different fromn
that, noted in temperate climates. One study,1 7 for instance, included 27"2
throat and sputum cultures in which pneunimococci were found only 7 times.
It was stated in this report that pneumonia was very infrequent.

16 Report [Final). LI. Col. manlel W. Myers. MC. and Maj. Edward deS. Matthews, M1C. MTOUSA.
to omee of owe Surgeon General, subject : Respiratory Itseasem In the Mediterranean Theater of Opera-

fi |,s, 1945.
17 Norris. R. F. : Symposium on Rtcnt Advances in .Medicine: Obhervationa on the Rpldemloiogy

and Bacteriology of Acute Rempiratory Tract Infeetions Among the Armed Forces of the Tropical South

Pacific. M. Clin. North America 29: 1418 1427. November 1944.
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Two U.S. Navy observers "I stated that at least 50 percent of the cases
of eatarrhal fever ill ai South Pacific Area showed asthmalike inanifesta-
lions. An eosinophilia of 8 to 10 percent was a common finding. The sig-
nificance is obscure unless it is related to the high incidence of allergic dis-
orders in the Tropics.' 9

Treatment.-Treatment of common upper respiratory infections was
symptomatic and lacked uniformity. Apart from streptococcal and Vincent's
infections, this group is not susceptible to chemotherapy. Nevertheless, it is
unquestionable that a great many viral infections were treated with sulfa-
diazine. The greater the experience of the medical officer, and the better his
facilities for laboratory diagnosis, the less unnecessary sulfonamides were
administered. The Professional Service Division advised that sulfonamides
should not be employed as a routine measure in the absence of definite in-
dications. In doubtful cases, however, it seemed wise to prescribe them. If
certain indications were present, such as leukocytosis, symptoms of otitis
media, the presence of pneumococci in the sputum, or the clinical features of
acute tonsillitis, sulfonamides, and particularly sulfadiazine, were employed.

Sulfadiazine was used in the treatment of recognized streptococcal in-
fections with prompt effect. It was likewise employed in Vincent's infection.

In the winter of 1945, studies were made, in a number of hospitals in
England, of the effect of local penicillin therapy, either in the form of a
throat spray or more frequently of lozenges containing 500 units of penicil-
lin. Results in streptococcal infections were disappointing. The use of in-
tramuscular penicillin was also reported in a few hospitals. Its effects in
streptococcal infection were said to resemble those with sulfadiazine. Local
and intramuscular penicillin gave striking results in Vincent's infections in
reports from England, but variable results were. obtained in a small numnber
of vases of Vincent's angina when penicillin was used intramuscularly in the
Mediterranean theater.

INFLUENZA

Introduction

The word "influenza" has been in general English usage since the 16th
century to designate irregularly recurring, widespread visitations of respira-
tory diseases. explosive in character and often associated with considerable
Mortality. Its recognition, until the introduction of the new serological
methods, rested upon epidemiological and not clinical grounds, and one could
not speak of an isolated case.

Good clinical descriptions of these outbreaks are available. Worldwide
attention was directed to the disease in 1889 because of its high incidence

IN Schnelerson, S. J.. and Wilson. W. A. : llumiual Feature of Respiratory Infections In a South
Pacific Area. V.S. Nay. M. Bull. 44: 1010-1012. May 1945.

19 Young. C. T.. Cook. W. R.. and Kawasaki, I. A.: Allergic Rhinitis and Asthma In Hawaii. War
Med. 3: 282 -290, March 1943.
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and the relatively frequent association with fatal pneumonia during that
epidemic. The influenza bacillus, isolated by Pfeiffer from a number of those
fatal cases, was regarded for some years as the cause of the disease. Pan-
demnic influenza revisited the world in a more devastating form in 1918, to-
ward the end of the First World War. Incidence was very high, distribu-
tion global, and the mortality appalling. In the U.S. Army alone, 24,604
deaths were attributed to the disease, and the number of deaths throughout
the world ran into millions." This catastrophe gave rise to a most intensive
scientific investigation of the disease which revealed that the Pfeiffer bacillus
could not be found in many typical cases of influenzal pneumonia. These
pneumonias usually had a mixed bacterial flora, among which pneunlot-o'i
and streptococci were prominent. The conclusion became inescapable that
some wholly different agent, not recognizable by ordinary bacteriologic means.
was the primary cause of the pandemic; that this agent, while occasionally
killing in a few hours, usually produced its lethal effect by paving the way
for a secondary bacterial pneumonia; and that the agent was often, though
not always, accompanied by Pfeiffer's bacillus. If this agent were not bac-
terial, it must be in the category of the filterable viruses.

The highest mortality of the 1918 pandemic was in the age group be-
tween 20 and 35 years. Susceptibility to the most severe form of the disease
,eeined to increase with age until about 35 years, when it fell off sharply.

This suggests that exposure to the primary agent in 1889 may have increased
resistance in 1918 and that the two pandemics were caused by the same virus.

Before and after the influenza outbreak of 1918, epidemic waves of acute
respiratory diseases occurred which were clinically indistinguishable fromn
mild cases in the pandemic. However, in these outbreaks, cases were uncom-
plicated and mortality was nil. These epidemics were called influenza of the
interpandemic type or simply epidemic influenza.

Intensive study of epidemic influenza during the past 15 years was be-
gun in England where the first successful isolation of a virus capable of
infecting laboratory animals was achieved. Investigators throughout the
world have contributed to the work, the principal ones being Andrewes in
England. Francis in the United States, Burnet in Australia, and Smorodint-
sev in Russia. From these researches, a fairly clear pattern has emerged
although there remain distinct gaps in our understanding of the disease.

Two causative agents have been identified. Influenza A virus, the first
to be recognized, gives rise to epidemics which, in the Northern Hemisphere.
tend to occur biennially in odd-numbered years in the winter months, with
larger outbreaks every fourth year. Recent studies have shown that influ-
enza A is a group of which the various agents are related but immunolog-
ica lyv distinguishable.

"0 The Medical Department of the United Stahis Army In the World War. Washington : Govern-

ment Printing Office, 1925. vol. XV. pt. 2, p. 1:14.
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Influenza B virus has appeared less regularly and less explosively and
has caused less severe epidemics. It was first identified in the United States
in 1940, and retrospective study of sera saved from the 1936 epidemic of
influenza found them to contain antibodies to this virus. Clinically, it can-
not be distinguished from the disease caused by influenza A. Identification
may be by isolation of the virus or by demonstrating a rise in titer of anti-
body to one of the two viruses following an attack. However, in some cases
of influenza, identification of neither virus can be made. On the other hand,
during an epidemic of one type, a significant proportion of sera may later
show evidence of infection by the other type.21

Exceptions to the general statement that epidemic influenza tends to be
mild must be noted. For example, in Boston, Mass., in December 1940 and
January 1941, 66 cases of staphylococcal pneumonia with 21 deaths occurred
with coincident infection with influenza A in many of these.22 The Commis-
sion on Acute Respiratory Diseases recorded an outbreak of type I pneumo-
coccal infection in Northville, N.Y., related to influenza B infection.2 3  In a
station such as the Army Air Force Technical School at Sioux Falls, S. I)ak.,
the already constant, rather high incidence of lobar pneumonia rose when
influenza appeared.

Active immunity acquired during an attack of influenza appears from
clinical and serological evidence to be of short duration. Complete correla.
tion between the level of serological immunity and susceptibility to the dis-
ease is not possible although the Commission found some evidence that pa-
tients with initially low antibody titer tended to be more severely ill than
those with an initially high titer. Reference will be made later to the
first large-scale attempt at active immunization of Army personnel with arti-
ficially cultivated influenza vaccine. 24

What light do these studies of influenza throw upon the pandemic of
1918? Slight epidemiological evidence that the pandemics of 1889 and 1918
were caused by the same agent and that therefore the interpandemic variety
is immunologically distinct has been mentioned. On the other hand, Shope's
work on swine influenza, a persistent disease which first appeared in 1918,
has suggested another hypothesis. The virus of swine influenza is related to,
but not identical with, influenza A virus. If it is in reality a survival in
another species of the 1918 human influenza, then one may suppose that
pandemic and interpandemic influenza are related. These questions may be
answered if another pandemic appears. Had such an event transpired dur-
ing World War II, it would likely not have created the disaster of 1918

21 Lush, D., Stuart-Harris, C. H., and Andrewes, C. H.: The Occurrence of Influenza B in Southern
England. Brit. J. Exper. Path. 22: 302-304, December 1941.

22 Finland, M.. Peterson, 0. L., and Strauss, E.: Staphylococcic Pneumonia Occurring During an
Epidemic of Influenza. Arch. Int. Med. 70: 183-205, August 1942.

23 Commission on Acute Respiratory Diseases and the New York State Department of Health:
The Relation Between Epidemics of Acute Bacterial Pneumonia and Influenza. Science 102: 561-563,
30 Nov. 1945.

24 See footnote 19, p. 9.
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because complications and therefore mortality might have been very favor-
ably affected by chemotherapy and antibiotic treatment.

For a complete account of the epidemiology of influenza during World
War 11, the reader is referred to the chapter by D)r. Thomas Francis, Jr.,
in another volume in the history of the Medical Department in World War
11?."- In the ensuing paragrap)hs, only the highlights most. relevant to the
interests of the Professional Service Division will be presented.

Experience in the Continental United States

Influenza was epidemic in the winter of 1940-41, but the major epidemic
took place at the end of 1943. It was explosive in character, but. not all Iairts
of the country were simultaneously affected. It is of interest that evidence
of infection with influenza A virus was found in three patients in May in a
station hospital in Michigan, and on 18 November, at the very beginning of
the epidemic, the same virus was recovered from two patients also in Michi-
gan.•2t Thereafter, during the epidemic, influenza A appeared in various
parts of the country. As in other epidemics, in a number of clinically typi-
cal cases, no rise in antibody titer to influenza A virus could be demonstrated,
and there were rare cases in which influenza B virus appeared to be involved.

The epidemic was fairly widespread, both in the Army and among civil-
ians, but like other outbreaks of the interpandemic type, the disease was of
very short duration, rather mild in character, and generally uncom)1licated.
Extensive clinical and serological studies were miade by the Commission at
Fort Bragg.27  Some of the conclusions drawn are as follows: Influenza with
typical features-sudden onset, severe malaise, painful eyeballs, flushed face,
inijected eyes, high fever, and leukopenia--occurred as a clinical entity in
only about half the serologically proved cases. Moreover, certain cases of
un(lifferentiated respiratory disease, prevalent at the time, presented the same
characteristics. In the aggregate, there were. significant differences between
undifferentiated respiratory disease and influenza, but individual cases could
not be distinguished clinically.

In some areas, the 1943 influenza epidemic assumed a slightly more
severe character. An example of this occurred at the Army Air Force Tech-
nical School in Sioux Falls where the first definite case was noted on 22
November. Following this, the incidence rose very sharply, the peak being
reached between 29 November and 1 December. Respiratory disease adlmis-
sions per 1,000 per week for the 4 weeks beginning 14 November through
the week beginning 5 December were: 7.8, 13.7, 99.0, and 19.6, respectively.
.Altogether, 11.1 percent of the school population was affected. Age, length

25 See footnote 2 (1). p. 2.
26 Salk, J. E.. Menke, W. J.. and Francis. T.. Jr. : Identification of lnfluenzzi Type A in the Current

Outbreak of Respiratory Disease. J.A.M.A. 124: 93, 8 Jan. 1944.
27 Commisslon on Acute Respiratory Diseases: Studies of the 1943 Epidemic of Influenza A.

I1. Comparison of the Clinical and Laboratory Charaeterittic" of Influenza A and Undifferentiated
Acute Respiratory Disease ARD). An). J. IHyg. 48: 263-275. November 1948.
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of service, and duration of stay at the post had no detectable effect upon
susceptibility. Clinically, the cases were typical of influenza; throat cultures
on 137 patients showed hemiolytic strel)tooci in 17 and piceumococci in 7.
There was no evidence that tile el)idlemic engendered the sl)read of beta henio-
lyt ic st reptococci.

Associated peunmonitis was sai(d to be present in 5.8 percent of the
patients. In these cases, onset and symptoms were similar to the inicompli-
cated ones, blit the (lisease was more severe, the fever higher and of slightly
longer duration (3.2 days average), and there were rales at the bases to-
gether with X-ray changes. There was no associated leukocytosis, and sil-
fonamides did not shorten the duration of fever. Influenzal l)Ineionia-

which this picture most assuredly suggests-has been very unconinonly found
elsewhere. In addition, at Sioux Falls, there was a sharp rise (from 1.5 to
nearly 5 per 1,0(X)) in the weekly incidenice of lobar pneumnonia. the peak
corresponding l)recisely with that of influenza.

B1 1943, the l)roduction of a vaccine tiade with artificially cultivated
influenza virus had been greatly improved, and a quantity of material con-
taining both the A and 1, viruses was available for testing during the epi-
demic. Vaccination of nman with both the A and1 B viruses had been shown
not only to stimulate the production of antibodies but also to induce con-
siderable immunity against the artificially induced disease.28  The active
immunity to type A was apparently of shorter duration than to type B, as
thoe vaccinated with the former 4 montlhs before the test were considerably
more sti.cep)tiile than those vaccinated 2 weeks before. A large-scale trial
seemed warranted. By great, good fortune, some 6.263 students in the Army
Specialized Training Program were vaccinated just before the epidemic.
The subsequent incidence of influenza was significantly less than that in 6,211
controls. the ratio being 1: 3.2.29

Evidence of influenza B infection was established in local outbreaks in
different parts of the continental Unite(i States, in the Canal Zone, Alaska,
and I awaii in the spring of 1945. The occurrence of some influenza in the
spring was reminiscent of the year 1918, and this led the chairman of the
Army Epidemiological Board to recommend that the entire Army be vacci-
nate(i. The proposal was approved by The Surgeon General, U.S. Army,
and was carried out in October 1945. From this uncontrolled experiment,
two conclusions30 could be drawn by comp)aring disease rates in the Army
with those of Iunvaccinated U.S. Navy personnel. The first was that mass

.1, 1 1 Francis. T'.. Jr.. Salk. J. E., Pearson. H. E.. and Brown, P. N.: Protective Effect of Vaccina-
tion Against Indueed Influenza A. Proc. Soc. Fxper. Blol. & Med. 55: 104-105. February 1944.
(2) Salk, J. E.. Pearson. 11. E.. Brown. I'. N., and Francis. T.. Jr. : P'rotective Effect of Vaccination
Against Induced Influenza B. Proc. Soc. Exlwr. 11ioi. & NM11d. 55: 106-107, February 1944.

*9 Commission on Influenza : A Clinical Fvalnation of Vaccination Against Influenza ; Preliminary
Report. J.A.M.A. 124: 982-995. 1 Apr. 1944.

.10 (1) Francis, T.. Jr., Salk. J. E., and Brace. W. M. : The Protective Effect of Vaccination Against
Epidemic Influenza B. J.A.M.A. 131 : 275-278. 25 May 1946. (2) Hirst. G. K.. Vilches. A., Rogers, 0..
and Robbins. C. L. : The Effect of Vaccination om the Incidence of Influenza 1B. Am. J. Hyg. 45:
96-101. January 1947.
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vaccination had exerted a detinieitly pIroective effect in lowering mortality,
and the second, that influenza B was at better immununizing agent than infil-
enza A.

Experience Overseas
European theater

The history of influtenza in the U.S. Ariny in the European theater is
extraordinarily interesting in the light of what might have happened. Since
1931. epidemics had (wcurred ill England in the odd-numlbred years with a
larger wave every fourth year. Had this schedule Ibeen maillaned. .1 mod-
erate out break wouil have occurred in .Januarv 1943 and a more severe one
in January 1945. The former would not have been serious as hospital facili-
ties in England were more than adequate to care for alt troops then stla-
tioned there. However, in 114.5 hospitals were already filled beyond normal
capacity. A sharp) epidemic at that time would have been extremely diffivult
to cope with and its effect upon the military situation woulh have heen
grave. It is not known why the epidemic did( not occur.

There is seldom a complete explanation of any epidemiological plhe-
nomenon. In this instance, the events were as follows: The .January 1943
epidemic did not take place; it was delayed 10 mimoths, until November. when
a sharp, widespread epi(ernie developed. The rhythmic pattern of influenza
was thus disturbed. Late in 1.944. tlie senior co nsultant in infectious diseases,
European theater, ventured to predict to the surgeon. l7nited Kingdom Base.
that influenza would not o-cur in 1945. Partly as a result of this !rail! of
view. many hospitalized patients with trenchfoot were retained for ditty in
the theater rather than being Ixtarded home in order to increase ihe number
of available hospital beds. It reluired sorte fortitude to make tite predic-
tion of a healthy winter front tile respiratory standpoint, but, minirdile div u.
precisely this ca(ie to pass, and the IU.S. Army went throughl the most crit-
ical period of the winter campaign with an extraordinarily low noneffective
rate (uite to respiratory disease.

Actually, the prediction was based on fairly soumd epidemiological and
inmunitological reasoning. It has fleen denionstruted that considerable im-
amnuity is left by epidemic influenza and that ouwbreaks of thie interpandemnic
type ot-cur at least t2 years apart. The delay in appearance of influenza in
1943 deflected what would have beet an almost intolerable extra hiulen in
19145 at a time when medical facilities were badly strained.

Observations made by English investigatorsmS on the behavior of tile
influenza viruses may be briefly suimmarized. is follows: Alt hough no epi-
demic occurred in the winter of 1943. a few slmnulic cas.s of influenza
showed rise in antilbly titer to infliuenza I. In flte spring and summer. a
few cases were noted with influenza A. This is a very unusual time for

MI Staart Ilanrri. C. Ii.. Govrpr. R. E.. and Mills. K, C. : InflueniR In l'rituln. 1942 43. Lanit 2:
o90 791, 25 Th'c. 1943.
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finding evid-i of influenza A infection. Then when the widespreud epi-
demic took place in November. influenza A was incriminated in imany -,ec-
t iotis of the country.

Influenza in the U.S. Army paralleled this disease in the British civilian
population. The incidence of all respiratory infections in the U.S. Army
in the European theater reached a sudden peak in November 1943. with
almost as rapid a fall to a point somewhat above the preepidemic level, alld
a subsequent slower decline through the winter months. By June, at the
time of the invasion, the incidence was extremely low, and it remained low.
with much !,ss than the expected seasonal upturn, through the winter of
1945.

The great builk of the cases on whikh this curve is based fall inito lhe
category called comnnoit tipper respiratory infection. That the strikinig peak
of November 1943 represents superadded influenza is presumed because of
the explosive character of the epidemic, its clinical features, and serological
evidence. Tests were not done on a large scale in the Army, but a sufficient
number of sera from different parts of the country were examined to show
that the Army experience was quite similar to British civilian experience:
that is, a majority showed a rise in titer to influenza A virus.

In the Army, as -;th civilians in England and elsewhere, all inflmien',za
encoutntered (luring World War 11 was mild and uncomplicated. The pa-
tients were moderately, not severely, prostrated, and the disease was a short
one with a febrile course of 2 or 3 days. To all intents and purposes, puen-
monia did not oc'cr. Influenzal pneumonia of the 1918 type was not se.en.

A reported increase in civilian deaths in England was found by the Ministry
of Health to be due to an increased mortality caused by sach conditions as
congestive heart failure, associated with the general rise in the respiratory
disease rate. In the U.S. Army, no deaths were attributed to influenzal
pneumonia. A few complications, such as otitis and sinusitis were obse4rved.
but they were not tispicuotis.

As for the clinical features of the epidemic. the familiar sympwlolms
were encountered in matiny H I owever. the writer wits more iilprpe.,-4l
with the widespread character of the disease than by its uniformity of be-
havior. As he had observed in other epidemics of influenza, a typical case
was hard to define. For example. at an airbase in East A.njrlia in Novembe-r
1943. a large number of patients were trented. but many of tht.se 1I:mi per-
sistent colds caught on their recent trannslx1 rt voVyage. and coumnliomin ulibIer
respiratory disease confu.•sed the phictmre of sudden ottbreak of infletnz.n.

Mf editerranean theater

Maj. (later Lt. (Col.) Daiuiel W. Myers. MC. and ('apt. (later It. ('ol.)
Edward deS. Matthews, M(I. stated in their report oil respiratory dii.s-ase

33 Andtriw- . r. It . ant C.1ovirs R, K. inflitsna A" tiuibro-k of O•-otnr Dremmber. 1i4.3. IAn-
cot 2 : 1#4 105, 22 Jl'y 1944.
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ill tilie .1fliterraiietin theater: "fiifliieiiza, was reportedI 11,094 times in
A'FOUSA, thus apparently making ill) 50) lperceilt of como eprtr
infections, however, it, is dIoubtful whether true influenza was encountered
in 'MTOUSA."33 The authors mention tile fallacy of miaking the dliagnlosis
solely upon clinical criteria, as the same symnptoms occurred1 inl other dliseases,
such as sandfly fever, malaria, and hepatitis, prevalent inl the theater. There
were no reports of geometric increase Iin frequency of influenza-like respina-
tory disease front anv organization in this theater and inicidenice of acute
coinnmon respiratory diseases remainied withini expected seasonal range. Be-
cause of lack of sufficient, indication, iniflinezal virus studlies were not at-
templte'd oti a large scttle. It is noteworthy, however. that byfrthe higlh st
peak for the annual rate of common resp~iratory dlisease (nearly 300) oc-

curdin .January 1944 only very slightly afterteepdmcoinlnzA
in England and1 the UnitedI States. It seems unlikehy that the Mediteranmeanl
theater should have completely escapedl so widlesp~readl a visitation, aild
sulperaddled influenza wvould be a logical explanation for the shape of the
curve at that time.

Other oversea theaters

Rep~ortedl adlmission rates for influenza inl the Chinia-Burmla-Inldia thea-
ter mand the Pacific areas were low throughout the war, and the curves for
commion resp)iratory iinfectioni showý% no peaks suggestive of the superadded
effect of inifluenza.

So the history of influenza during World WYar 11 stands in happy coim-
trast to that of Wvorld War 1. Pandemic influenza did not occur. Owiing
to thle prolomrat ion of the epidlemic cycle in thie mnidd~le of tile war. only one
important outlhreak took p~lac'e and that at a time whmen it could he hiandled
with ease.

PRIMARY ATYPICAL PNEUMONIA

Introduction

The terilm "prwimmar-N atypical l)ilelillololia- would have evoked polite
hicomipreltenision iii the averagre nmedical practitionter about 20 yea rs ago. and
today it is one of omir cominonest (liagnPOSes.

Pnieulilonias wvere orIiginlally classified onl anl anlat oilial basis: this was
followed by a combinied aniatomic'al -ciinical approach and, also. b-v an enl-
(leavor to i(Ieiti fy them etiologieallY. These three phases were oftent liar-
monious. Thus, thle Comimon type of plie'l''"l'" appearing- as a1 prim~ar'y
(disease was lobar in dlist ribut ion; it had well-definied clinlical chlaIracterist ics.
anld it was (lite to the pneumnococcus. Therefore. "lobarm pneummoiiia" was
designlated an1 anlatomuical, cli inica,1 and( et ioiorical enlt 't . As thle i(lentitifca-

;IA Se.e fqo.tnote 10(. J'. S.
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tion of pnelIulococcus types became more exact, the qualification "type I
lobar pneumonia" or "type Vii lobar pneumonia" was added.

Apart from the disruption of the pattern caused by the 1918 pandemic
of influenza, lobar pneumonia had maintained a fairly consistent record for
many years in the temperate zones as primarily a winter disease with a usual
mortality of about 30 percent in cases not specifically treated. It had been
subjected to exhaustive research, and a, great deal of knowledge had been
accumulated as to the mechanisms of recovery and immunity. Tile biology
of the pneumococcus was, perhaps. better understood than that of any other
micro-organism. By 1938, specific therapeutic sera had been produced for
more than 30 types of pneunmococcus.

"Bronchopneumonia" was also originally an anatomical term. but the
classification of bronchlmopneumonias clinically was much less clearly defined.
They formed a heterogeneous group. It was known that a number of micro-
organisms besides the pneumococcus could cause pulmonary consolidation
of peribronchial distribution. Most of these pneumonias., however, were
secondary; that. is. they occurred as complications of other diseases or sur-
gical operations and in the aged and debilitated. Primary bronchopneu-
monias were recognized, but generally speaking they were relatively uncomn-
mon. Occasionally, the hemolytic streptococcus gave rise to primary bron-
cliopnieumoinia. either in sporadic cases or in localized el)idemics, wvlIenm it
often followed in the wake of measles or epidemic milkborne sore throat.
One type of virus pneumonia. psittacosis, was recognized. but was admittedly
rare. As for influenzal pneumonia, this, to all intents and purposes, had
vanished after the 1918-20) pandemic.

1n 1938, two events occurred to clange the clinical concept of pneu-
monia. In the first place. in England, a chemotherapeutic agent. M. & B.
693 or sulfapyridine, was introduced which was highly effective against
pl)elmmiIoc(cea l infections. Intense interest was manifested in whether sulfa-
pyridine would supplant serum therapy as the treatment of choice in lobar

letulm(lm ia and if it would constitute a successful treatment of tie broncho-
pneunmonias. At almost the same time. an increasing number of primary
pneumnonias. apparently not caused by the pneumococcus and quite obviously
not susceptible to chemotherapy, were being observed. A new disease entity
was rapidly suspected.

The principal characteristics of this disease were as follows: It seemed
to have a predilection for young adults; the onset was rather gradual; the
pulmonary consolidation was patchy and often showed a migratory ten-
(lency: there was no associated leukocytosis (at least in the early stages).
and the bacterial flora of the sputum was not different from that found in
normals: some patients were gravely ill but after a variable febrile period
complete recovery took place, with a very low overall mortality; and such
slight histological material as was available indicated that the process was
an interstitial pineumonitis with a mononuclear type of exudate. Strepto-
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coccus viridan. was at first thought to be the cause, but this hypothesis
failed to be substantiated. With no evident bacterial etiology, the disease
was then presmuned to be due to a filterable virus.

But was it a new disease? Hospital clinical records between 1922 and
1935 contain infrequent descriptions of single cases exactly corresponding
with the description just cited. Furthermore, beginning about 1933, occa-
sional notations in medical literature indicate that some observers were
aware of benign bronchopulnonary infiltrations simulating tuberculosis, and
localized epidelnics of an influenza-like disease associated with mild pneu-
mnonitis had been described. It is likely that both of these conditions were
caused by the same agent or agents of the "new disease." Atypical pneu-
monias more or less conforming to the same description were likewise de-
scribed as occurring during the winter of 1917-18.34 The following factors
probably caused the delay until 1938 in general recognition of primary atyp-
ical pneumonia: The more numerous and severe cases observed in that year,
the more exact bacteriological diagnosis of the familiar types of pneumonia,
and the introduction of the new chemotherapeutic agents.

Most of the increasing number of papers on primary atypical pneumonia
during the ensuing years were clinical descriptions, but the research work
was going forward. Broadly speaking, it is now generally agreed that
atypical pneumonia is caused by a virus but by far the majority of cases
are not due to the identifiable viral agents, such as psittacosis, ornithosis-
lyluphogranuloma, and rickettsia. Endeavors to transmit the agent to lab-
oratory animals, or to cultivate it, have been, on the whole, disappointing.
The most important studies of the etiology of primary atypical pneumonia
were performed during World War II by the Commission on Acute Respira-
tory Diseases under the direction of Dr. Dingle. Briefly, these studies were
as follows:

The disease was successfully transmitted from man to man by bacteria-
free filtrates under conditions of quarantine.35 A minority of those inocu-
lated developed atypical pneumonia, but otlers had less severe illnesses
which might be called bronchitis or common upper respiratory infection.
In other words, there is evidence that under epidemic conditions the virus
may produce many cases of nondescript respiratory infection for each one
of frank atypical pneumonia. Under experimental conditions, the incuba-
tion period was not quite so long as the 2 or 3 weeks which had been esti-
mated from epidemiological studies of tie naturally occurring disease.

Two serological reactions which develop during convalescence from
atypical pneumonia in the majority of cases have been discovered. One of

34 See footnote 1, p. 1.
35 (1) Commission on Acute Respiratory Diseases: Transmission of Primary Atypical Pneumonia

to Human Volunteers. J.A.M.A. 127: 146-149, 20 Jan. 1945. (2) Commission on Acute Respiratory
Diseases: The Present Status of the Etiology of Primary Atypical Pneumonia. Bull. New York Acad.
Med. 21: 235-262, May 1945. (3) Commission on Acute Respiratory Diseases: An Experimental
Attempt to Transmit Primary Atypical Pneumonia in Human Volunteers. J. Clin. Investigation 24:
175188, March 1945.
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these phenomena is the cold hemagglutinin; 36 the other is the agglutinin
for a certain strain of nonhemolytic streptococcus.37 These two agglutinins
are not identical, and their significance is not clear. There is general agree-
ment that the particular streptococcus in question is not the cause of the
disease.

Experience in the Continental United States

The concept of atypical pneumonia was still a fairly new one in the
winter of 1941, and while the disease was recognized in most university
clinics, it was not familiar to the profession as a whole. In the summer of
1941, something in the nature of a mild epidemic of pneumonia which did
not respond to sulfonamide therapy occurred in southern training camps.
At the request of the surgeon, Fourth Corps Area, a small civilian mission 38

was dispatched in October to several southern training camps, notably Camp
Claiborne, La. It reached the conclusion that this was an epidemic of atypi-
cal pneumonia. The Surgeon General accepted a recommendation from this
mission that a permanent commission be instituted for the study of the dis-
ease, inasmuch as the Army seemed an ideal milieu for such a study. This
commission, established in December 1941, continued to work throughout the
war, first at Camp Claiborne, and later at Fort Bragg. It conducted in-
tensive clinical and scientific researches on the subject of atypical pneumonia,
as well as other acute respiratory infections.39 Among many noteworthy
accomplishments of the Commission on Acute Respiratory Diseases were the
successful human transmission experiments. 40

The characteristics of the disease as originally seen at Camp Claiborne
were briefly described by the chief of medical service of the station hospital
and two of his colleagues. 41 They reported that 262 cases occurred during
a period of 4 months with a camp population of about 27,000. In general,
these cases were mild with a short febrile course. A few more severe cases

36 (1) Peterson, 0. L., Ham, T. H., and Finland, M.: Cold Agglutinins (Autohemagglutinins) in
Primary Atypical Pneumonias. Science 97: 167, 12 Feb. 1943. (2) Turner, J. C-: Development of
Cold Agglutinins in Atypical Pneumonia. Nature, London 151: 419-420, 10 Apr. 1943.

37 Thomas, L., Mirick, G. S., Curnen, E. C., Ziegler, J. E., Jr., and Horsfall, F. L., Jr.: Serological
Reactions With Indifferent Streptococcus in Primary Atypical Pneumonia. Science 98: 566-568,
24 Dec. 1943.

38 Drx. A. R. Dochez and Y. Kneeland, Jr., of the College of Physicians and Surgeons, Columbia
University, New York, N.Y., and Dr. Colin M. MacLeod, of the New York University College of Medicine,
New York, N.Y., all members of the recently created Board for the Investigation and Control of Influ-
enza and Other Epidemic Diseases in the Army.

39 (1) Dingle, J. H., Abernethy, T. J.. Badger, G. F., Buddingh, G. J., Feller, A. E., Langmuir,
A. D., Ruegsegger, J. M., and Wood, W. B., Jr.: Primary Atypical Pneumonia, Etiology Unknown.
War Med. 3: 223-248, March 1943. (2) Commission on Acute Respiratory Diseases: Epidemiology
of Atypical Pneumonia and Acute Respiratory Disease at Fort Bragg, North Carolina. Am. J. Pub.
Health 34: 335-346, April 1944. (3) Dingle, J. H., Abernethy, T. J., Badger, G. F., Buddingh, G. J.,
Feller, A. E., Langmuir, A. D., Ruegsegger, J. M., and Wood, W. B., Jr.: Primary Atypical Pneumonia,
Etiology Unknown. (Parts I, 11, and II1.) Am. J. Hyg. 39: 67-128, January; 197-268, March;
269-336. May 1944. (4) Dammin, G. J., and Weller, T. H. (in collaboration with Commission on
Acute Respiratory Diseases): Attempts to Transmit Primary Atypical Pneumonia and Other Res-
piratory Tract Infections to the Mongoose. J. Immunol. 50: 107-114, February 1945.

40 See footnote 35, p. 18.
41 Moore. G. B .. Jr.. Tannenbaum, A. J., and Smaha, T. G. : Atypical lPneumionia in an Army ('anp.

War Med. 2: 615-622, July 1942.
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were noted, and two patients dieti, althlough there wvas some question of
the diagnosis in one of thenm. Men over 28 years old were being released
from the Army' at this timle. Occasionally, the routine p)redischarge X-ray
in these indiviuhals shlowedl areas of infiltration resembling tuberculosis
which cleared llup quite rapidly. This, taken together with the hlumlan tranis-
mission experiments just cited, suggests that there were p)robably many
"walking cases" of (lhe disease. The rate of 262 eases in 27,000 troops over
a period of 4 months nmay thus not indicate the true communicability. That it
mayv be, quite high under special circumstances is indicated by an occasional

rt. For examplle, onl one occasion about 40 percent of the mnen out of it
;e comipany engaged as "cleanup teamis" in at wire operat ions School

.a tracted the disease. 42'

Shortly after the C7ommiission begranl its activities, at chiange inl termii-
niology of the pnuenmonias was miade by The Surgeon General. so that thence-
forward priniar atyp~ical pneumonia was rep~orted .as suchl.43 CIlinlical rec-

ognition of the dlisease becamie increasingly accurate in many hospitals, al-
though there. is reason to believe that the officially reported incidence was
always low. A perusal of the large number of papers submitted to nUhe
.Surgeon General to be approved for p~ublication convinces one that the
clinical characteristics of the disease wvere fairly uniformn. The studenit is
referred to the original articles44 published by the Conmmission onl Acute
Respiratory Diseases for the best account of the nmanifestations and epidemni-
ology of t he disease.

The. annual incidlence of primary atyp1ical~ pneunionia in Army camps
throughout the war was remtarkably constant. The highest. admission rate
inl the United States (8.95 petr annum per 1.000 average strength) occurred
in 194:1, although the validity of this may be questioned owving, to chlange in
(liagnostic criteria. Seasonal variations in adlmission rates were. m~ore
mnarked: with striking exceptions, rates were usually highier in the winter
monthis. Generally speaking, cases of atypic-al pneumonia showed anl imi-
nimense. numerical prep~onderance over lobar pneumionia, rates for wvhichi were
exceedlingly low. One report, from Truax Army Air Field. MNadison. Wis..
gives this ratio as approximately 10: 1. At. Scott. Field, Blelleville, Hl., 738
cases of atypical pneumnonia were seen during a period when 24 lobar pnue-
mnonias and 3' bacterial bronchiopneunmonmas ot-curred. 4~ tJfesnBr

racks. 'Mo., 1,862 cases of atypical pneumonia were described as contrasted
with 62 lobar pneumionias occurring over the same period of time.46 These

42 ldstrom. L. G.. and Rosenberg, B.: Primary Atypical Pneumonia. Bull. U.S. Army 11. Dept.
No. 81. pp. 88-92. October 1944.

43 Circular Letter No. 19, Office of the Surgeon General. U.S. Army, 2 Mar. 1942.
14 See footnote 39 (1). (2). nnd (3). p. 19.
45 Owen. C. A.: Primary Atypical Pneumonia. An Analysis of 738 Cases Occurring During 1942

at Scott F'ie](]. 111. Arch. Int. Med. 73: 217-231, 'March 1944.
46 Van Ravenswaay. A. C., Erickson, 0. C., Reh, E. P., Sleklerski, J. M., Pottash, R. R., and

(IIl)Ie.11. : Cliniical Aspiec'ts ()f Primary Atypical Pneumonia : A Study Bamsed on 1.862 Case., Reen
at station Hjospital. Jefferson Barracks, Missouri, from June 1, 1942 to August 10, 1943. J.A.M.A.
124 : 1 -0fl 1 Janu. 1944.
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cases of atypical pneumonia were said to be more severe than the average
thus far described in the Army. Two deaths resulted. Pleural effusions
appeared in 9.7 percent of cases; about one-quarter of these were large.

Between 1942 and 1945, 110,133 admissions for primary atypical pIeu-
monia were reported in the Army in the United States with 101 deaths as
compared to 50.807 admissions and 69 deaths overseas. Atypical pneumonia
was never of sufficient magnitude to interfere seriously with the huge train-
ing program. On the other hand, the rather prolonged course of the disease
and the lengthy convalescence often affected the military career of the indi-
vidual concerned. Because of the rarity of complications and late sequelae,
chronic invalidism did not occur.

Experience Overseas
European theater

D)uring the late summer and autumn of 1942, there was a mild epidemic
of atypical pneumonia among U.S. troops in the European theater. The
incidence of lobar pneumonia was very low: in one hospital, for example,
during one of the autumn months, the chief of medical service reported 3
cases which might be called typical pneumonia and 70-odd cases which were
atypical. As in cases described in the States among military lpersonnel. these
cases were milder on the average than those presented in earlier reports from
civilian hospitals. The febrile course was shorter, being perhaps 5 to 7 days
instead of 10 to 12, and the tendency to relapse, or prolonged migratory
pneumonia, was much less pronounced. Moreover, such bizarre manifesta-
tions as erythematous skin lesions, liver involvement. pericarditis. anid so
forth, which had been noted on rare occasions in civilian outbreaks, were
not observed. A true pleuritic pain, so commonly found in lobar pneumonia.
is not a feature of atypical pneumonia. Sterile pleural effusions may occur;
when they do, they are usually small and often interlobar. Occasionally.
however, they may lpersist for an appreciable period, and in 1942 when this
was so they were conventionally considered highly suggestive of tuberculosis
It was pointed out then that a small effusion need not be regarded as tubter-
culous, and where there was any evidence of associated pneumoinitis, p~ast or
present, atypical pneumonia was probably the cause.

In the autumn of 1942, a board composed of an epidemiologist, Lt. ('ol.
(later ('ol.) John E. Gordon, MC: a clinician, Lt. Col. (later Col.) Yale
Kneeland, Jr., MC: and a virologist, Maj. (later Col.) Ralph S. Mucken-
fuss, MC, was appointed to consider the subject of atypical pneumonia. The
results of its deliberations were embodied in a circular letter, which outlined
the history and clinical features of atypical pneumonia, together with ad-
vice as to management. It was pointed out that sulfonamides were ineffec-
tive in this disease and that, if the diagnosis could be made with reasonable
certainty by a mature clinician with an adequate laboratory at his disposal,
sulfonamides were contraindicated. Where the diagnosis was in doubt, or
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satisfactory laboratory facilities unavailable, sulfonamnides in full dosage
were recommended for a brief but definitive therapeutic trial. Attention
was drawn to the possibly prolonged residual effects of an attack of atypical
pneumonia and to the need for a considerable rehabilitation before the
soldier returned to duty.

D)uring the winter and summer of 1943. atypical pneumonia was less
Conspicuous. The phenomenon of cold hemagglutination was described and
carefully reported in relation to a fairly large series of cases by a medical
officer in the European theater almost simultaneously with independent dis-
covery of the phenomenon in the United States.47 Rare cases of encephalitis
complicating the pulmonary lesions were encountered in the theater. In one
fatal case, histological evidence was found at autopsy.48 In two others,
encephalitis was recognized clinically from symptoms and spinal fluid find-
ins.49

Atypical pneumonia was not generally recognized by the bulk of the
British medical profession in 1942, although scientific investigators were
aware that a form of pneumonia, presumably of viral origin, had recently
come into prominence in America. Contacts between British investigators
and American medical officers were soon established. Professor Bedson,50
for example, tested serum from several convalescent U.S. soldiers for anti-
bodies to psittacosis virus with negative results. Dr. C. 11. Andrewes tested
sera for antibodies to influenza virus, similarly with negative results. The
possibility that pigeons imported by the U.S. Army Signal Corps might
introduce an ornithosis-like disease in humans into the British Isles seemed
remote when it was found that native British birds were already infected.51

It seems highly illikely that atypical pneumonia was brought into the Brit-
ish Isles de novo by the 17.S. Army. In fact, ward rounds in any British
Army hospital in the autumn of 1942 convinced one that the disease in a
mild form was present. Stimulated in part by American interest in the
disease,5 2 British physicians shortly began to recognize it. and in 1943 an
excellent descriptive article 5 appeared in the Laneet.

In the autumn of 1943, at a second meeting of the Atypical Pneumonia
Board (p. 21), it was recommended that routine cold agglutinin tests be
performed in hospitals, that careful records be kept, that a summary be
made of the results of the test in a large series of cases, and that informa-

47 See footnote 36 (1). p. 19.
4lPerrone, H.. and Wright, M. : Fatal Case of Atypical Pneumonia With Encephalitis. Brit.

M.J. 2: 63-65, 17 July 1943.
49 Hein, G. E. : Primary Atypical Pneumonia. Lancet 1 : 431-432. 3 April 1943.
50 Sir Sam Phillips Bedson, M.D., F.R.C.P., F.R.S., Consulting Advisor in Pathology, Ministry of

Health.
51 Andrewes, C. H., and Mills. K. C. : Psittacosis (Ornithosis) Virus in English Pigeons. Lancet 1:

292-294, 6 Mar. 1943.
52 Brown. J. W., Hein, G. E.. Eliman. P.. and Joules, H.: Discussion on Atypical Pneumonia. Proe.

Roy. Soc. Med. 36: 385-390. June 1943.
53 Drew, W. R. M.. Samuel, E.. and Bail, M. : Primary Atypical Pneumonia. Lancet 1 : 7f1-765,

19 June 1943.
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tion be obtained as to the frequency of second attacks. Some data were col-
lected, but no imni)ortant conclusionis coull be drawn.

The annual admission rate in the European theater for primary atypi-
cal pneumonia was 9.23 in 1942, 6.35 in 1943, and only 4.80 in 1944. Apart
from the late summer-autunin peak of 1942, these rates were considerably
lower than in the United States. This may he partly ascribed to the fact
that the virus of atypical pneumonia seems to have been less widespread and
virulent in England than in the United States. Seasoning of troops mlight
have played a role also, but one is inclined to doubt that it was very large,
since rates in the Mediterranean theater, where the troops were also sea-
soned, were much higher than at home for the years 1944 and 1945.

An interesting observation was made in the winter of 1945 at the 7th
General Hospital in Dorsetshire, England. Two patients were studied who
showed extremely high cold agglutinin titers with associated hemolytic crises.
One of these episodes followed a definite attack of atypical pneumonia. This
phenomenon has since been discussed in considerable detail Iy Finland and
his coworkers.54

Mediterranean theater

Available statistical reports in the Mediterranean theater do not provide
a reliable indication of the relative frequencies of lobar and atypical pneu-
monia before May 1944. From 1 May 1944 to 31 March 1945, inclusive, 7,142
primary pneumonias were reported, of which 5,684, or approximately 80
percent, were classified as atypical pneumonia. 55 If this percentage holds for
the entire history of the theater, it would seem that the preponderance of
atypical pneumonias over bacterial pneumonias was less than in some other
areas.

The general situation in regard to pneumonia in the Mediterranean the-
ater as reported in 1945 (p. 8) is described in the following paragraph:

The pneumonia rate in the theater remained at comparatively low levels until January
1944 when a marked increase was noted principally in the troops based In Italy. This
increased incidence was manifested by both Base Section and Army troops, the peak level
for this season occurring in the Peninsular Base Section during April 1944 when the rate
was 38.5 per 1,000 per annum. The rate in Italy remained high until July, the Incidence
In Army falling more precipitously and at an earlier date than in the Base. In January
1945 a similar rise in pneumonia rates began, the rate in March 1945 reaching a level sub-
stantially higher than that In the preceding year. Peninsular Base Section and Fifth
U.S. Army troops participated in the rise, and once more the Incidence was highest in the
Base, attaining the surprising level of 82 per 1,000 per annum in the month of March. It
is of interest, though an explanation is not offered, that pneumonia in the Army Air
Forces reached its height in February 1945 and fell precipitously in March when Fifth
U.S. Army and Peninsular Base rates were still ascending. The case fatality rates showed

54 Finland, M., Peterson, 0. L., Allen, H. E., Samper, B. A., and Barnes, M. W.: Cold Agglutinins.
1. Occurrence of Cold Isobemagglutlnlns In Various Conditions. II. Cold Isohemagglutinins In Primary
Atypical Pneumonia of Unknown Etiology With a Note on the Occurrence of Hemolytic Anemia in
These Cases. J. Clin. Investigation 24: 451-457; 458-473, July 1945.

W See footnote 16, p. 8.
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a fall rather than a corresponding rise in the years (f greatest Incidence. In 11943, 24
deaths occurred in 1,427 luneunuionas, a case fatality rate of 1.68 percent. There were
7.414 pneutuonlas and 35, deaths in 1944, a rate of 0.47 percent. lDuring the first 3 itnonths
if 1145., 3,203 pneunionlias and 6 pneumlonia deaths were encountered, a case fatality of

0.18 Iwrcent. The quoted rates included all pneumonia deaths.

If SO percent of the pneumionia was atypical its incidence was at tinmes very
high.

Clinical descriptions of the disease in the Mediterraneari theater w'erc
generally similar to those published elsewhere. HIowever, several pee'tliar
outlhreaks occllrred which excited a goodl (leal of interest and were the sub-
ject of considerable inivestivattion. rhe report of Myers and Matthew., ( p.
8) described these in some detail. ()he took place in an isolation ward of
the 24th General Holspital in the Bizerte area. Tunisia, in the witter of
1943-44. Within at 9-day period, over half the latienlts and ward person-
nel (13 in all) contracted miid atypical pneunmonia. A tentmate of one of
tile affected aidnien and a substitute aidman also became ill, the latter 6 days
after the first contact. The outbreak appeared to have an unusually short
incubation period anti a high degree of communicability. Its origin (0cohl(
not be traced.

D)uring the 1944--45 pneumonia season, seven local outbreaks occurred.
One, of 82 cases in the personnel of one conipany. arose in Corsica in lDe-
cember 1944, and the remaining six outbreaks occurred between I)ecemiber
and April in separate organizations in a 5-imile radius of North Central

Itaiy. The Corsican cases were as follows:
* * * The usual duration of fever was five days, nnixiuniu temperature varyin- fro•n

100° to 105°, and recovery without serious complications ensued in every case. Diagnosis
was established by chest X-ray examination in nearly every Instance. Two hundred cold
agglutination tests were performed by Capt. Joseph HI. Swartz. utilizing the sera froin the
82_ patients and a 2 percent suspension of washed huiman group 0 erythrocytes. In two
cases agglutination was observed with a serum dilution of 1: 32. In the remainder agglu-
tination did not occur with serumn titer greater than 1: 8. There were no circumstances
incriminating an insect vector.

The extremely high attack rate and the negative cold agglutinin tests
suggest that this was not primary atypical pneumonia. The same report
gives a description of four localized, sharp epidemics occurring near Pagli-
ana, Italy, and totaling at least 355 cases. These constitute additional evi-
dence of the existence in Italy of a specific and different disease entity. One
of the involved units had an attack rate of 27.7 pemcent. The disease char-
acteristically had an abrupt onset, with an incubation period apparently
varying from 17 to 23 days. Cold agglutinins were not found, and it was
suspected that, the etiological agent might have had an insect vector, a mite,
which l mwis found in large unihbers in the area used by one of the units
involved.

Two niore outbreaks. totaling 53 cases, oc(ciirred about 10 airline miles

i torthi-itortheast of Pagliana. These cases again differed in certain note-
woroly respects front atypical pneliciWnia: that is, abruptness of onset, fre-
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qitent appearance of pleurit Ic pain, and absence of cold agglutinins. ('oni-
I)leIIlelIt lixat ion tests perfornle(l with lynx phogrxinuloma axt igen on hot lx
human and pigeon serum ( front the area) were negative for psittacosis. as
were other serological tests (�Veil-Felix, influenza A iifl(l B, CoI(I agglut mm).
At tempts at virus isolation were also ixiade. Preliminary observations sug-
(rested that throat. washings from acute cases contained a filterable agent
��'lIi('l1 I)roduce(l fever on guinea pig inoculation and was tranSlnissiI)le in
series. A rickettsial agent was finally isolate(l from the material. More-
over, late followup serological tests on other cases of the disease �vhich de-
velo1)ed in trool)s returnjn(r from Italy have showix that the condition was.
in fact, Q fever. It seems definitely proved that all the above cases as �vell
as the so-called Balkan grippe occurring among British I)aratrOol)ers ill

Greece were Q fever.5 6

Myers and Matthews noted that true atypical pneumonia in Italy dur-
ing the ��-inter of 1943-44 took on a rather more severe character than they
were accustorne(l to observe in Army practice. There was a large number
of severe cases, reminiscent of those describe(l in the United States in 193$.
with (vanosis, dys�)nea, and extensive l)t1ll11oIlllr�' involvement. Sonie of these
Cli(led fatally. Another group showed a l)rotracte(l course, " ith persistence
of l)tllnlonary infiltration beyond the expected period. In one group,5 7 55.8

per�'xit of cases had residual X-ray changes after :1 weeks of illness.
IA. Col. Tr9cy B. Mallory, MC, of the 15th Medical General Laboratory.

furnished the following description of his findings in the tissues of nine fatal

cases:
E�I(*h of the time cases showed consolidation of more than 73 percent of the total lung

suhstaiwt'. Microscopic examination (lisclosed massive exudation into the alveoli of it

prot.'i ti-rich Ilui(1, almost free of fibrin, and containing mononuclear and red cells but few
polyniorphonuclear leukocytes. Alveolar wall thickening was observed but was minor lit
(legrt'e. In no case was there evidence of necrotizing bronchiolitis or atelectasis, lesions
characteristic of the atypical pneumonia seen in troops in the continental United $tates
during 1942-43. A serons or purulent effusion was not found in any instance.

Four of the lime evi(lenced other pathological changes unrelate(l to the pneunionia but
of stidi character and degree as to have contributed to the fatal issue. One exhibited
recent vegetations superimposed on an old rheumatic valvulitis, the second had a fresh
mnyoca rdial infarction, the third a hemnoperitoneum associated with a fractured pelvis, and
the fourth a fracture of the dorsal spine �vith paraplegia. Three other cases (lisplayed
a �vehf-mnarked acute mnyocarditis which was (leellied to be a complication of the pneumonia
and which undoubtedly played an important part in the outcome.

Summary
In sulumary, primary atypical pneumonia was by far the Inost common

variety of pneumonia in U.S. troops in the European and Mediterranean

� *����P Re��plratorv Di�ea�e�: Outbreaks of a Rickettdal I)Isea�e Related to Q
Fevr. Bull. U.S. Army M. Dept. 5 (No. .3) : 245-246, March 1946.

7 Tlwodo,'. I'.and Zwlckel. R. E. : Clinical Aspects of Primary Atypical Pneumonia. M. Thill.
North .�frIenn Theater Op. 2: 104-109, November 1944.

5..e footnote 16. p. 8.
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theaters. Even so, it never became a military medical problem of any real
importance. Rates for Europe were lower than in the continental United
States, but in the Mediterranean they were sometimes higher. On the whole,
the cases were mild and recovery tended to be complete, although an aver-
age of about 30 days per patient were lost to duty. Very rarely, the indi-
vidual might be left with a chronic bronchitis, sometimes of an asthmatic
type. Secondary bronchiectasis was almost unknown. Complications were
very infrequent. A few of the patients at times seemed to have some sec-
ondary bacterial infection. Such secondary infections were usually not very
clear cut, but when definite they were controlled by sulfonamides. The death
rate was almost nil.

Had the incidence of this condition been higher, it would have been a
military problem of some magnitude owing to the rather prolonged disability
incurred by the individual. This low incidence probably reflects a consider-
able degree of immunity in the general population. The virus, too, may be
one of rather low communicability, and the long incubation period militates
against the explosive type of epidemic spread when individuals are tempo-
rarily crowded together, as on transports.

Rates for atypical pneumonia were low throughout the war in the Pacific
area. They were also low in the China-Burma-India theater apart from a
moderate peak in July and August 1942. In the latter area, the disease pic-
ture was stated to conform with that seen in the United States except. that
an initial shaking chill and pleuritic pain were more commonly encountered.

An interesting outbreak, late in 1944, was described by the surgeon of
an airbase in India. Fourteen persons, all of whom had been in the same
hold of a troop transport arriving in Bombay. came down with atypical
pneumonia almost simultaneously a few days afterward. About a fortnight
later, there were eight secondary cases at the station.

BACTERIAL PNEUMONIA

Introduction

Lobar pneumonia due to the pneumococcus has been so closely studied
and so accurately described that it would be presumptuous to review the dis-
ease here. Medical records indicate a total of 109,882 admissions for pneu-
monia other than atypical as occurring in the Army from 1942-45 (table 2).
Of these, 970 patients died, giving a case fatality rate of 0.88 percent. This
is in contrast to a figure of 160,940 admissions for atypical pneumonia with
198 deaths. How many of these reported cases were actually pneumnococcal
pneumonia is impossible to state; probably the percentage was a relatively
small one. Two generalizations may be made concerning the condition in
World War II. First, the incidence was generally lower than anticipated,
particularly overseas. This low rate was simultaneously true of the civilian
population and probably reflects an inexplicable fluctuation in the character
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of the disease which had begun some years before World War II. Secondly,
and perhaps for the same reason, the individual cases seemed surprisingly
mild. One is accustomed to think of lobar pneumonia beginning violently in
the classical way, with a rapid development of the complete picture of the
disease and bacteremia in about 25 percent of the cases. In the Army, the
disease (lid begin suddenly with the customary symptoms, L,-t the patient
usually did not appear as ill as one might expect; the amount of consolida-
tion by X-ray was often astonishingly slight, and bacteremia was extremely
uncommon. It is possible that these differences were apparent rather than
real, that they were due to prompt recognition and early treatment. Never-
theless, it is the writer's belief that the essential severity of the disease was
diminished.

Other varieties of primary bacterial pneumonia were rarely encountered.
On the extremely infrequent occasions in which organisms, such as Staphyio-
cocemi. Fr;edldnder's bacillus, and H. influenzae, produced pneumonia, they
ran true to form. Secondary pneumonias, usually on the surgical wards,
were occasionally noted, but on the whole the control of these conditions by
antibiotics was satisfactory.

TABLE 2.--Adnissions for primary atypical pneumonia, bacterial pneumonia, and other
pneumonia, in the U.S. Army, by area and year, 1942-45

[Preliminary data based on sample tabulations of individual medical records]
[Rate expressed as number of admissions per annum per 1,000 average strength]

Total Army United States Overseas
Disease category and year

Number Rate Number Rate Number Rate

Primary atypical pneumonia:
1942-45 --------------------- 160,940 6.32 110,133 7.47 50,807 4.73
1942 ------------------------ 19,891 6. 13 17,902 6.74 1,989 3.40
1943 ------------------------ 51,177 7.45 46,375 8.95 4,802 2.84
1944 ------------------------ 43,022 5.52 25,056 6.31 17,966 4.70
1945 ------------------------ 46,850 6.18 20,800 7.09 26,050 5.61

Other pneumonia:
1942-45 --------------------- 109,882 4.31 81,962 5.56 27,920 2.60
1942 ------------------------ 27,583 8.51 24,267 9.13 3,316 5.66
1943 ------------------------ 41, 161 5.99 35,735 6.90 5,426 3.21
1944 ------------------------ 23,473 3.01 14,470 3.64 9,003 2.36
1945 ------------------------ 17,665 2.33 7,490 2.55 10,175 2.19
Bacterial pneumonia:

1942-45 ------------------- 50,943 2.00 37,406 2.54 13,537 1.26
1942 ---------------------- 10,441 3.22 9,340 3.52 1,101 1.88
1943 ---------------------- 16,838 2.45 14,690 2.83 2,148 1.27
1944 ---------------------- 13,014 1.67 8,526 2.15 4,488 1.18
1945 ---------------------- 10,650 1.41 4,850 1.65 5,800 1.25

I Cases recorded as lobar pneumonia.
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'Fle heiiiolvt it st veI)toetc(*Iis gives r~is-e to till occasional case of p~rimiary
pnieuilloliiia however, tile casies become ziuiiilerically 1importanlt onlly whenl foi-
SOM0Iii -elIS0 il te org1alisml i's widely dlist ribuited inla Iiil hoeistt hi-I,
its is somiet ilmes fomiiio ill assoeiatio iO v ith it a li lkboriie epidemiic. Measles
anid ilitifluenlz ViruIIAse seemled to "activate" thle Iieniol't ic st reptococcus ill t he
First World War but duringj thie Second World War mleasles Was Ullmnip,0r--
tant. inl the Army and1( influenzit of the 9IlS type dIid not occur. These facets
probab~ly are related to the low incidence of st reptwoocal pnetillonia. What
&'ffect did the widespread utse of suilfonmamides have inl 1reveiiting thle st repto-
coccuis froim really grettinig ljimier way? n is compllex subject wimll lie conm-
sideredI else-wiere. together withI thlat extraordiniarily interestin hnmnn
the a jpearaiice of silfmand-eitatstrains of beta heniolyt ic st reltoeovci.

Experience in the Continental United States

Oil summilary healthI rep~orts, statistical data inl tilie Arimy with riega rd to

the piennion ins are1 un1satisfactory. After 'March 1942, the pnieuinlonmils w-ere
rep)orted under three headings: Primamry atyp)ical pneumonia, pnieumoniiia.

prim~aryan puielmmnon ia, se-ondar11y. 'file rattes for pnmeumlionia, secondary,
were generally very low. Our initerest here. is ili thle term "pnielnilomima.
primiariy."

BV definlitioni, this should( nicami anly piieummiomiia. arising de nlovo. or inl
thle course of minor tipper respiratory in fection, whichi itmmedical ofitcer c-oil-
siders to be bacterial, not viral. inl origin. Presnimably , these should be
mIiaimldy pl)Cie1io(oevll, that is to say, lobar pneumonia. As might be expiected.
niledicvil records based onl tile conisolidated statistical health report (WD) Ml)
Forml S~ah) contain nil eniormuous amount of error, resulting froml the na-,t i-

ril limnitations of this source of information.
F~or exampjle. at (Camp Iee, 'a., between 6 Novembler 1943 and 3 'March

1944, 1.5 cases of pneuimonia, were reportedl; 147 designatedl pnieimfouitil, pri-
muary. and 8 atypic'al Imietui~moliiu. This seettied of sflicfiient interest to wvar-
rant further invest igat ion. The D ireetor., C1 ommuission on) Pnleuumnonill, Ariumy
EpidlemniolOgrical Board, visitedl Camp Lee and1( studliedI records omi 97 poems-
muonmla Cases 11dillitted shice I January 1944. Ini his opinion, 58 of these were
aitypical pneumon ia, and only 8 were lob ar pnueumnonia. The rema i nder -on -
sistedl of 6 olefinlitel% streptwoocal cases, 1:3 doubtful streptococeal cases, iW
prob~ably bacterial pnuemnon ias fromi wh ichi no organiiismn was isolated, and 2
staphylococcal cases.

Thlere were several reasons for this woeful dlegree of inaccuracy. One, of
course(1, was the failure of many clinicians to think clearly along etiological
linies; another was lack of interest and experience onl the part of thle labo~ra-
tory; andl last. Niut not. least, wats the registrar's liahit of making uip the sta-
tist ical health relport from tile mlorningl~ report which wats usually Compililed
byv a nurse. There is, therefore. little to be, gained fromnia discussion of the
overall iiicnlemice of so-cal ledl nlieuliumominl. primarmy, ats reported onl leriohici
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sunlnlary reports. In contrast, considerable information is mnade available
fronm the tabulations of final diagnoses from inlividual iiedical records
(table 2).

The low incidence und mortality of lobar pneunmonia in the Army mtay
be illustrated by two figures which, although not strictly comparable, d(o
give a crude index of affairs. The death rate front lobar pneumonia, is give-.
in the official history of the First World War as 2.59 per 1,000 per year, or
259 per 11)M,000 per year, for the period 1 April 1917 to 31 December 1919.
Preliminary .nAry figures in World War 11, 1942-45. give tile death rate for
the bacterial pneutmonia in the United States as less than 2 per 100,000 per
year.

lobar pneuimonia was mildly epidemic in the United States at timles,
but only in certain localities. Epidemic conditions never became generalized.
The most conspicuous instances of this were in the Sixth Service Command
where, the rates for plenmnumia were significantly higher than in other service
commands. These high rates were entirely contributed by Air Forces per-
sonnel, the rate for Army Service Forces being not. uissimilar to that iII
other regions. Accordingly, the mutter was investigated by the consultant II
medicine of the Sixth Service Conmand and the director of the Commission1
on Pneumonia who reported a number of interesting figures. For examiplh,
rate-; for commorn respiratory disease the week of 20 October 1944 at three
airfields were 150, 111. and 83 its comnl)ared to 55 and 64 in two service caII ps.
Similarly, the pneumonia rates were :12, 41. and 55, comipared to 7 and 3.
"These reported pneunionias included both lobar pneumonia and aty I)ici
pneumonia. The exact proportion of the two varieties was hard to deter-
mine. At one field between I January and 8 December 1944. 215 cases of
primary pneuimonia were relorted as a,,ainst 396 atypical pneumonia cases,
but when tlhe investigators studied the individual medical records rather than
tile statistical health report they found that at the three airfields p)rimary
pnelmllnollia was being solmewhat overdiagnosed at tile expense of atypical
l neuninia. Nevertheless.,. it was obvious that lobar pneumonia was unusually
prevalent.

At one field, pneumetn cceits typ)ings had been performed in 160 cases.
In these, type VII was present in 18.1 percent of cases, types I and II each
in 14.4 percent, ,) that these three together accounted for nearly half the
cases. The prominence of type VII seenis a little surprising; whether it was
also suchi a notable offender at the other two fields is unknown.

A careful attempt wvas made to discover the reasons for this unusual
incidence of respiratory infection including pneumonia. In the final analy-
sis, the most striking difference between life at. the air station and in the
service forces was that the former involved men being together in classrooms
al (lay.

.\nother interesting example of the behavior of lobar pneumonia was
relx)rted at the knry Air Force Technical School, Sioux Falls. Coincident
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with the peak of a sharp epidemic of influenza in November 1943, and ex-
tending for about a fortnight afterward while the influenza was rapidly sub-
siding, the rate for lobar pneumonia (already rather high) rose to an un-
precedented level. For the week of 3 December, it was 4.8 per 1,000. In
72 cases, pneumococci were isolated and typed. Of these, 17 proved to be
type II, 9 type V, 6 type I, and 5 type VII. The rest were scattered or
untypable. Later in the winter, during a controlled experiment on sulfadi-
azine prophylaxis at the same station, it was noted that the drug appeared
to reduce significantly the incidence of lobar pneumonia, although the result
was not as striking as in the case of streptococcal infections.

In harmony with all experience elsewhere, the treatment of lobar pneu-
monia with sulfadiazine was highly satisfactory, and complications were very
infrequent. In this connection, it is interesting to review the role of serum
therapy. At a conference on pneumonia held at the Office of the Surgeon
General in January 1944, the subject of classification was discussed at length.
Therapy was also considered, and it was agreed that antipneumococcus serum
may be lifesaving in cases of drug-resistant pneumonia. Shortly thereafter,
a remarkable variation in the actual use of antipneumococcus serum in vari-
ous hospitals was uncovered in a survey by the Professional Service Division.
A good many hospitals had never used serum while in others it had been
employed surprisingly often. The opinion of all the service command con-
sultants ill medicine was then sought. The great majority agreed that serum
was necessary in only very exceptional instances and that it could, if neces-
sary, be obtained from local sources. In other words, the consensus was that
antipneumococcus serum could be discontinued in the Army drug lists; in
this, the Chief Consultant in Medicine, Office of the Surgeon General, and
the National Research Council concurred on 15 May 1944. The advent of
penicillin as an addition to sulfonamides had much to do with influencing
this view, which would have been considered mildly revolutionary a few
years earlier. The efficacy of treatment of lobar pneumonia with sulfona-
mides alone is shown by a report of 454 cases over a period of 3 years with
only 4 deaths.59 In the last year of this study, 92 cases were treated without
a single death.

An important study of immunization against lobar pneumonia by in-
jection of specific capsular polysaccharides was started in September 1944 ait
the Sioux Falls Army Air Force Technical School 11 where the pneumonia
rate had been very high; over 1,500 cases had occurred in the preceding 2
years. Of these, 34.9 percent were due to type II pneunmococcus. More than
8.000 men were injected with a single dose of a mixture containing poly-
saccharides derived from pneumococcus types I, II, V, and VII with a strik-

59 Adamson, W. B.: Lobar Pneumonia. Air Surgeon's Bull. (No. 11) 1: 21, November 1944.
6o MacY -od, C. M., Hodges, R. G., Heidelberger. M., and Bernhard, W. G.: Prevention of Pneu-

mococcal Pi. umonla by Immunization With Specific Capsular Polysaccharides. J. Exper. Med. 82:
445-465, December 1945.
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ing subsequent immunity to pneumonia caused by these types as compared
with a similar control group. The carrier rate of these four types was also
significantly reduced, but no effect was noted against infection with, or the
carrier rate of, other types.

Hemolytic streptococcal pneumonia was comparatively uncommon. Some
cases were seen, however, which conformed to the pattern set in the First
World War; that is, an abrupt onset of the pneumonia with symptoms of
pleurisy and the rapid development of a massive effusion. Such effusions
were characteristically thin but, of course, infected. The opportunity to use
local penicillin therapy was seized, but the cases were not sufficiently numer-
ou.s to draw any final conclusions as to its efficacy. Early in 1944, one sta-
tioin hospital in the Third Service Command reported 5 such cases, together
with 10 other pneumonias, believed to be streptococcal, which did not have
associated empyema. At about the same time, six cases were present in an-
other hospital in the same service command. These numbers, however, were
quite unusual. Other varieties of bacterial pneumonia were occasionally
encountered, but not with sufficient frequency to merit particular comment.

Bacterial pneumonia never became a serious problem in the United States,
and its response to sulfonamides and antibiotics completely changed its sig-
nificance as compared with the First World War.

Experience Overseas

European theater

The incidence of bacterial pneumonia in the European theater was ex-
tremely low, and the mortality almost nil. This small fatality rate can be
ascribed, in part at least, to early diagnosis and satisfactory response to
treatment.

Empyema following lobar pneumonia was very inconspicuous in the
Second World War. When it occurred, it was ordinarily the result of delay
in the institution of treatment, the pneumonia at times having been unsus-
pected. Other complications were exceedingly rare.

The typing of pneumococci was always difficult overseas. This was no
doubt in part due to lack of training of laboratory technicians. However,
it also appeared to be a fact that the available typing serum was weak.

There were a number of scattered cases of bronchopneumonia in the
European theater, particularly in the spring of 1944, in which the differen-
tial diagnosis between atypical and bacterial infection was in doubt. Clin-
ically, these cases resembled atypical pneumonia, but the sputum was more
purulent than one expects in that disease and contained a pathogenic organ-
ism. These cases occasionally showed a moderate, although not a dramatic,
response to sul fon am ides. They may have represented instances of second-
ary infection superimnl)sed on a pIeuimionia originally of viral origin.
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Mediterranean theater
Preliminary data on pneumonia in the Mediterranean theater indicate

that there were 17,715 admissions for these diseases during the period 1942-
45. Of these, 12,908 were reported as primary atypical pneumonia, and 2.443
(approximately 14 percent) were regarded as bacterial pneumonia. There
were 74 deaths, and of these, 28 were due to bacterial pneumonia. Presum-
ably, the bulk of the bacterial pneumnonias were pneumoc-ceal, and p1nenmo-
coccal lobar pleumonia is estimated to have caused about one-third of the
deaths from pneumonia that occurred in the theater.

Other types of bacterial pneumonia were occasionally noted in the Med-
iterranean theater but in insufficient numbers to warrant discussion. A small
number of cases in which a green streptococcus was cultivated frout blood
and sputum are recorded. Str. c,;.dan.. pneumonia was a clinical rarity. but
had been previously observed. It is possible to speculate on the relation of
this condition to atypical pneumonia, with the strel)tococcus in time role of
secondary invader, b)ut no proof of such relationship exists.

The standard treatment of lobar pneumonia was sulfadiazine. which
yielded satisfactory results. Penicillin was tried in a limited number of cases
and found to be effective. Occasionally, in a severe case, both agents were
used. Serum therapy was only recommended in very exceptional cases.

MEASLES

Introduction

Measles (rubeola) is a highly communicable virus disease with a stereo-
typed clinical pattern which is universally familiar. Susceptibility to measles
is considered to be almost universal, and one attack, in the majority of per-
sons. confers lifelong immunity. In urban communities, it is more or less
epidemic in the early spring of each year with a greater number of cases in
alternate years. Approximately 102,000 cases of measles occurred in tile U.S.
Army in the First World War, with 2.370 deaths. Associated infections were
a cause of serious illness, prolonged invalidism, and death. In World War I1,
by contrast, the total number of cases was 60,809, with only 3.3 (lealths. in spite
of the fact that the Army was about four times as large and the duration
of the war twice as long. The seasonal peak for measles during World War I1
occurred in late winter or early spring. but during World War I peak inci-
dence due to mobilization occurred in the late fall of 1917. This is of suffi-
cient importance to warrant considerable discussion.

UIn'oniplicated measles is almost never fatal. The gravity of the con-
dition lies in complications caused by certain inicro-organisms. Baeterial
infections due to )Ineunococcus, C. d/puttherie. H. ;nfqiinzeie, Mycob,ictPi tn,
hlberiiclo.x;,. and most particularly the hemniolytic strel)tococcus. are descril)ed.

The most frequent and serious complications of measles are pneumonia
and otitis media. In the First World War, there were 93.629 admissions due
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to nIea.sles among enlisted mIei ill the (olit ineiint'i I nited States and Furope
of which bronchopneumonia and lobar pneumonia were comiplications of
measles in 6.283 cases, with 2.186 deaths. Similar data for the entire Army
are not available. Suppurative pleurisy, undoubtedly secoilary to pneunnionia.
occurred in 645 cases with 268 deaths. There were 3.926 instances of otitis
media. but only 122 of these patients died. Careful studies of the bacteriology
of these complications in(icated that the hemiolvtic streptococcus was the
causative agent in nearly every case. One may ask how this secondarv infec-
tion comes about. D)oes it occur in a carrier of streptococcus who becomes
infected with measles.? I)oes one catch the streptococcus along with the virus
of measles or does one become secondarily infected as a result of living in a
highly contaminated environment after contracting the measles? It seems
likely that all these mechanisms play a part. At one hospital in the First
World War, for instance, the carrier rate for hemolytic streptococcus rose
steadily on measles wards from 11 percent on admission to 57 percent in
patients who had been on the ward from 8 to 16 days. If noncarriers of
streptococculs with measles were carefully segregated from carriers at tile
time of admission, the difference in complications was striking, the rate being
6.4 percent in the noncarriers as opposed to 36.8 percent in the carriers. While
the mechanism of secondary infection might not always be clear in the indi-
vidual case. it is safe to conclude that. during a measles epidemic in a training
caimp. the hemolytic streptococcus b)ecame widely distributed.

Following a measles epidemic with much complicating pneumonia, pri-
mary streptococcal pneumonia made its appearance in some camps. The cases
were severe, with a high incidence of early suppurative pleurisy, and a high
case fatality rate. This disease also spread to the civilian population. It
seems likely that rapid passage from individual to individual through the
mediation of measles enhanced the essential infectivity and virulence of the
hemolytic streptotoccus.

Epidemiological studies of measles in the First World War also have an

interesting bearing on more recent events. In such a station as Camp Pike,

Ark., which drew its recruits from the rural regions of Alabama, Arkansas,
Louisiana, Mississippi, and Tennessee, the rate was enormously higher than

in camps drawing from urban areas. Thus, the admission rate for measles
among white enlisted men at Camp Pike was 164.67 per 1,000 per year, com-

pared to 7.27 at Camp) Dix, N.J. For white and colored enlisted men coin-
bined. the admission rates were 142.05 per 1,000 per year for Camp Pike and
7.73 for Camp D)ix. Moreover, as might be expected, the incidence of measles

was highest in recruits less than 2 months in camp. Thus, it was essentially
a disease of country boys coming for the first time in their lives into a densely
crowded environment.

The only tenable explanation of the much lower rates for measles in the
Seconmd World War is that the number of susceptibles was much smaller.

There is no question that a great change in habits of life occurred in rural
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America between the two World Wars. In 1910. rural districts were fairly
well isolated; it was the "horse and buggy era"; the facilities of travel were
limited; people stayed on the farm. By 1935, all this had chang ed. There
was a moving picture house in nearly every village; schools were larger, and
education was more centralized. As a result, the counti, boy growing up in
this decade had far more opportunity for exposure to the exanthemata of
childhood with a consequent reduction in susceptibility rate at the time of
induction into the Army. Although there is no firm statistical basis for this
conclusion, one cannot avoid feeling that it must be correct.

Complications of measles were much less conspi(uous in World War II.

Undoubtedly, this was related to the low incidence of the disease. Where
cases are sporadic, rather than epidemic, the widespread dissemination of
virulent streptococci is unlikely to take place. Moreover, the use of sulfadia-
zine in cases with threatened or actual complications unquestionably served
to modify the picture. Part of the small number of deaths were probably due

to secondary infection; some may have occurred as a result simply of over-
whelming virus infection or complicating encephalitis.

An average of about 13 days was lost to duty for each case of measles.

Experience in the Continental United States

Most of the measles in the Army took place in the United States for the

reasons just mentioned; that is, that it is essentially a disease of unseasoned

troops first entering military life. Actually, 54,388 cases occurred in the

United States as contrasted with 6.421 overseas. The largest number and the
highest rates were reported in 1943, although in the civilian population the
absolute numbers of cases were about the same in 1942, 1943, and 1944. As
in the First World War, the disease was seasonal, but the peaks were much
lower. In other words, while the total number of cases was considerable,

measles never became a really serious military problem.
The relative insignificance of complications is illustrated by a report of

400 cases of measles at the Station Hospital, Fort Sill, Okla., in which otitis
media occurred but 6 times.6 ' Three hundred of these were given sulfona-
mides, but 100 control cases were untreated. No difference was noted in the

clinical course of the treated as opposed to the control cases.
Suppression or modification of measles following exposure by the injec-

tion of convalescent serum or immune globulin are established procedures in
pediatric practice. Measles in the Army. however, never was sufficiently seri-
ous to warrant the generalized use of these measures. Similarly, no attempt
was made to apply the principles of active innmunization, although interest-

ing preliminary studies, under the direction of the Commission on Measles

61 Haerem, A. T.: Treatment of Measles and Mumps With Three Well-Known Sulfonamides. Mil.
Surgeon 92: 306 309, March 1943.
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and Mumps, Army Epidemiological Board, indicated the immunizing value
of artificially cultivated measles virus.6 2

Experience Overseas

Measles rates in the European theater were low, a total of 2,554 cases
being reported. The disease was sporadic, and nothing in the nature of a real
epidemic ever developed. Clinically, the cases presented no unusual features.
Sulfadiazine was administered to most of the patients for several days during
the acute phase. Only one death was attributed to the disease.

Between 1 January 1943 and 31 March 1945, 612 cases of measles with
no deaths were reported ill the Mediterranean theater.

MUMPS

Introduction

Of the so-called comimunicable diseases of childhood, mumps (epidemic
l)arotitis) was the most common in the U.S. Army. There were 103,055 cases
recorded between 1942-45 compared with approximately 237,000 during the
First World War. for a much smaller number of men over a shorter period

of time. This marked reduction was greater than that for measles, the com-
parable figures being 60,809 and 102,000, respectively.

No exact explanation of the reason for this is possible, but a plausible
hypothesis suggests itself. As has already been pointed out in the section on
measles, a change in the living habits of rural America probably permitted
more exposure in childhood and resulted in fewer susceptibles of military age.
Measles is more highly communicable than mumps; therefore, when measles
occurs under conditions of military life, where opportunity for spread of epi-
demic disease is excellent, it is likely that a higher percentage of the non-
immunes will contract measles than mumps. Thus, the proportionate decline
in the incidence of the two diseases during the two World Wars might be
expected to be greater in measles, the highly communicable disease, thaln in
mumps, the disease of lesser communicability.

Complications

Mimtips is a specific virus infection with a particular tendency to localiza-
tioni inl the parotid glands. In the majority of cases, these are the only organs
clinically affected. However. a number of other glands and structures are
ordinarily spoken of as complications, although they are probably better
regardled as additional manifestations of the virus infection. Generally speak-

62 1 ) Stokes. J., Jr., O'Neil, G. C., Shaffer, M. F.. Rake, G., and Marts, E. P.: Studies on Measles.
IV. Results Following Inoculation of Children With Egg-Passage Measles Virus. J. Pediat. 22: 3 -18,
January 1943. (2) Marls, E. P., Rake. G., Stokes, J., Jr., Shaffer, M. F., and O'Neil, G. C. : Studies
on Measles. V. Results of Chance and Planned Exposure to Unmnoditied Measles Virus In Children
Previously Inoculated With Egg-Passage Measles Virus. J. Pedlat. 22: 17-19, January 1943.
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ing, these (c)ipl icat lolls are It roublesomie. but not part icularly seriolu. Mumps
is es•sentially a nonfatal disease. and in the First World War the only deaths
Occurred as a result of infrequent se.olldar1y infections, such as l)nleuonil.
At that tinie, the case fatality rate where mlpllll)S was the primary cause of
admission was 0.0)8 percent. As there were only live deaths from nitimps
reported for tiie entire U.S. Army during the Se.onid World War, it can be
seen that even the cited low figure was markedly reduce(].

Perhalps the most striking of these so-called comnlplications is orchitis
which develops as a rule when the parotitis is subsiding. Rarely it is said
to be tile only manifestation of lnmulmps. II a recent study of tile disease in
civilian life. orchitis is stated to occur in IS percent of cases of niuni•s. and
ili about one-sixth of these tile conlition is bilateral.6 3  Ill over 5.0 percent.
sonlle atrophy is Said to result. hut ensuing sterility is clainmed to he rare.
probably because the cases tire unilateral. and even in bilateral cases with
atrophy a sufficient amount of sperniatogenic tissue is left intact. re authoi's
of this paper recomnmentid surgic.al deconipression in severe cases, a procedure
which was tried at tinmes in the Armny during World War It with allegedly
good resuilts. 64 It seens likely that conplaratively few cases are sufficiently
severe to require such an operation. It is reported to cause remarkable relief,
liowever. in patients with very marked swelling, intolerable pain, and high
fever.

lPancreatitis may be another complication of nuinl)s. 11ow often it occurs"
is impossible to say. The clinical diagnosis is occasionally made on the basis
of thle appearance of upper abdominal pain, nausea, and vomiting during tile
Course of mumps. 'lnfortunately, there would appear to be no means of
laboratory confirmation, for a study at Canpl) Adair. Oreg.,6e showed that the
level of blood diastase was elevated in 73 percent of cases of muml)s. Only
15 percent of these had any symptoms of pancreatitis, and it was a"ssulmed
that the diastase originated in the affected salivary glands rather than in the
pancreas. Ih any event, pancreatitis is an unpleasant rather than a serious
C.oIlm)l icat ion.

The virus of mumps can also cause meningoencephalitis which manifests
itself as a rule by headache, sone stiffness of time neck, and increased cell
count in the spinal fluid. Although more severe central nervous system mani-
festations can occur, this comiplication is usually a rather m1ihl one of short
duration. Complete recovery is the rule.

In World War 1. mumps was third in order of importance as a cause for
noneffectiveness; in World War I1, with less than half the number of cases.
it was obviously less important. However, as the average number of days lost

63 Wesnelhoeft. C., and Vose. S. N.: Surgical Treatment of Severe Orchitis In Mumps. New Eng-
land J. Med. 227: 277-280. 20 Aug. 1942.

64 (1) McGuinness. A. C.. and Gall, E. A. : Mumps at Army Camps in 1943. War Med. 5: 95--104.
February 1944. (2) Nixon, N.. and lAowN. 1). B.: Mumps Orchitis; Surgical Treatment. Air Sturgeon's
suill. 2: 152-154, May 1945.

65 Zelman. S. : Blooll DIAiatap, values in .Mumllts anti Mumps Pancr'atitis. Am. J.M. Se. 207 : 461-
464, April 1944.
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to duty for each case was about 18 during World War II, it remained one
of the major causes of noneffectiveness among the acute infections, being sur-
passed only by hepatitis, common respiratory diseases, the pneumonias, gono-
coccal infections, malaria, syphilis, and derinatophytosis. Mumps usually
begins in the late autumn, and there is a slow development of the epidemic
during the winter and spring. It is not as explosive as measles. On the other
hand, the incidence may rise sharply when a unit with sporadic mumps is
closely packed in together for a long period of time, as happens on a trans-
port on a protracted sea voyage."

Experience in the Continental United States

As with other so-called childhood commniiicables, the greatest incidence
of mumps occurs in the first months of Army service. Mumps occurred at
some time in all Army camps and, at times, was sufficiently prevalent to be
called epidemic. One such epidemic at Camp McCoy, Wis., was reported in
detail by McGuinness and Gall. During a 7-month period, 1,378 cases were
treated in the station hospital. The slow evolution of the epidemic is note-
worthy, the peak of 194 cases not being reached until the 17th week. One
group of soldiers was predominantly from the rural areas of the South. This
group, roughly equal in size to the other group from the industrialized North,
contributed 84 percent of the cases. Nearly half the companies in the north-
ern group had but one case each, whereas in one southern company 19 percent
of the men contracted the disease. Orchitis occurred in slightly over 36 per-
cent of the cases in this epidemic as compared to 15 percent of some 250 to 300
cases in an epidemic in two large cam[F. in the Fourth Service Command.
This relationship was borne out elsewhere; that is, the larger the epidemic,
the higher the incidence of complicating orchitis. Orchidotomies were per-
formed in 83 cases at Camp McCoy with what were described as good results.
An attempt to ward off orchitis by enforcing '2 weeks of bed rest was a failure.
The complication appeared to be as frequent as in ambulatory patients. Of
the entire series of mumps cases. one-third were moderate in degree, and one-
third severe. Clinical meningoencephalitis was uncommon.

Other interesting observations were made elsewhere in regard to orchitis.
For example, no relationship between incidence of this complication and pre-
ceding gonorrhea 67 could be found. Generally speaking, treatment with con-
valescent serum was found ineffective in preventing orchitis," except in a
small series treated with serum drawn from convalescent orchitis cases. Here,
there was an apparent reduction in incidence to 4.2 percent from an average
of about 20 percent.

0 Dermon, H., and Le Hew, E. W..: A Mumps Epidemic in a Small Task Force. Am. J.M. Sc. 208:
240-247, August 1944.

67 See footnote 66.
68 Bailey, W. H., and Haerem, A. T. : Some Observations on the Efficacy of Convalescent Serum

in Mumps. Mil. Surgeon 90: 134-139, February 1942.
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No advance in tv'eatment of unconmplicated in :-,,s was recorded. At one
station hospital in the Third Service ('omnnand, .t'. 1)inizing did not appear
to ameliorate symptoms 1;9 in a small series of cases.

On the whole, it may be stated that, while not infrequently bothersome,
lnlpllllI)s did not coinstitute a very serious military problem.

Experience Overseas

As in measles. munmps was more conmmon in the United States than over-
seas. although tile difference was less marked. About nine times as many
cases of measles were reported at home as abroad; about four times as many
cases of nnumps were reported. This difference is presumably due to the lower
(olnunicability of mumps. The disease tended to be mild in the European
theater. It was somewhat more comimon in Negroes than in white troops.
A number of complications, particularly orchitis, was observed, but they did
not prove very troublesome. It was the writer's impression that bed rest had
little influence on the likelihood of development of orchitis.

Routine lumbar punctures were done on a number of consecutive cases
of mumps, at the 30th General Hospital,70 Nottinghamshire, England, and in
about half of themu the spinal fluids showed pleocytosis. On the other hand,
only 10 percent of the cases showed clinical evidence of nmeningoencephalitis.
This indicates that the central nervous system is affected by the virus much
more often thanm was formerly believed but that in most cases the infection is
asyniptomatic. In this connection, it is worth remarking that a, very occa-
sional cas, of mild encephalitis without mumps was seen in an individual
from .a unit in which the disease was epidemic. It was suggested that such
cases were actually mumps meningoencephalitis without parotitis. This may
well be true. although there was, of course, no way of verifying the diagnosis.

The question of length of quarantine of patients was considered by the
infectious disease board. The board suggested that isolation of the individual
case could be terminated as soon as all evidence of swelling had disappeared
and there was no fever or other manifestations. This resulted in considerable
shortening of hospital stay for tile mild cases and, as far as one could tell,
produced no untoward consequences.

From 1 January 1943 to 31 March 1945, inclusive, approximately 1,700
cases of mumps were reported in the Melditerranean theater.

INFECTIOUS MONONUCLEOSIS

Introduction

Infectious mononucleosis is a fairly common disease which affects males
somewhat more than females and which shows a predilection for people under

69 Potter, tl. W.. and Bronsteln, L. II. : Some Clinical Cbaracteristics of Mumps, and the Effect
of Belladonna in Treatment; A Study Made at the Station Hospital. Fort George G. Meade, Maryland.
Ann. Int. Med. 21 : 469-474, September 1944.

.o Kirkland, H. B., and Brown. J. W. : Mumps Complicated by Meningo-encephalitis. ETO Medl.
Bull. 9: 9-10, September 1943.
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30 years old. A survey at Harvard University, Cambridge, Mass., in 1944,
indicated that it caused 1.5 percent of all student admissions to the infirmary.7 '
Therefore, one would expect to encounter it quite often in the Army.

It was frequently recognized in tile U.S. Army, but it is probable that
the reported incidence is considerably below the actual. Infectious mononu-
cleosis presents itself in a number of clinical forms and is often sufficiently
vague in character to escape detection unless one is on the alert. The classical
form with sore throat, enlargement of the upper deep cervical lymph glands,
palpable spleen, and rather prolonged fever, is easily recognized, either imme-
diately or during a workup to exclude such conditions as syphilis or Hodgkin's
disease. On the other hand. it is probable that nearly 20 percent of patients
have no abnormal lymph gland enlargement. In some cases, the presenting
feature is an ulcerative throat infection of the Vincent's type, from which
Vincent's organisms are obtained. There may be an associated stomatitis.
A small percentage of patients will have jaundice, which may be confused
with infective hepatitis of the ordinary type. Some cases show a skin erup-
tion which may be purpuric or resemble German measles. Mumps also may
be simulated. Evidence of meningoencephalitis is found on rare occasions.
Lastly, some of the cases are extremely mild and therefore likely to be dis-
missed as undifferentiated respiratory infection.

In connection with jaundice, a study at the Station Hospital. Boca Raton
Army Air Field, Fla., is worthy of mention.72 Serial liver function tests
performed in 15 consecutive cases of infectious mononucleosis showed some
evidence in every case of deranged liver function, although clinical jaundice
was not present in any of the cases. Since World War I1, it has become recog-
nized that the cephalin flocculation reaction is almost invariably positive in
mononucleosis. It has, in fact, become a useful ancillary aid in diagnosis.

The etiological agent of infectious mononucleosis is still unknown, but is
not believed to be any of the several microbes which have been described in
the past. It may well be a filterable virus, although transmission experiments
have usually been unsuccessful. Nor has the mode of transmission been estab-
lished. It is apparently infectious, and occasional, localized epidemics with
a high incidence have been described. The communicability would seem to
be usually rather low as many of the cases are sporadic, without history of
contact. Moreover, cases are treated on an open ward in most hospitals, and
the disease does not appear to spread under these circumstances. If it is true
that infection is widespread but that most of the cases are subclinical, then
the phenomenon of apparent low communicability would be explained.

Infectious nmononucleosis is a benign disease with a mortality that may
be considered nil, though death may result fromt conditions complicating the

71 Contratto, A. W. : Infectious Mononucleosis ; A Study of 196 Cases. Arch. Int. Med. 73: 449-
459, June 1944.

12 Cohn, C., and Lidman, B. I. : Hepatitis Without Jaundice in Infectious Mononucleosis. J. Clin.

Investigation 25: 145-151, January 1946.
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disease, :is has been recotrtded ill se\'i'1 epo)o'tt.73 The diseas-e may persist for
several weeks and retluire considerable additional time before convalescence
is coimplete. Sixty pericelit of a series of cases in the Army spent more than
3 weeks in the hospital.

Experience in the Continental United States

During 1944, it bec:|me clear thiat inl certain areas in the Fourth and
Eighth Service Comnmands infectious muomnionucleosis wits being more frequently
reported than formerly an(d was presumably mildly epidemic. An extensive
clinical stoudV at a station hospital in tile Eighth Service Command reviewed
tile findings in some 556 cases occurring over a period of about a year.74

Several points of interest. were noted in this excellent reWPrt. The disease was
fouinid in more than the ant icipated number of Negroes, in whom it was for-
merely thought to be rare. Skin manifestations occurred in 16 percent of all
the cases, at higher figure than has been commonly recorded. I1n 23 percent
of 223 patients on whom cardiograms were taken, sonme abnorntality was
noted. usually of the T-waves. Six percent of the patients were jaundiced,
but unequivocal meningoencel)halitis occurred only once. The authors also
noted 14 cases in which there was radiographic evidence of lneuimonitis, a
complication which has received scanty attention in the literature. The rest
of the clinical manifestations conformed to the varied picture which has
already been described. The blood counts were typical, and heterophile anti-
body tilers of 1 : 112 or higher were noted in most of the cases. Very few had
titers below 1: 56. False-positive Kaithn tests were only noted in 8 of 263 cases,
and the incidence of other false serological re4,ct.ions, that is, Weil-Felix,
Widal, cold agglutination, wits exceedingly low.

In contrast, what was described as an epidemic of 91 cases of infectious
mononoucleosis in the Caribbean Defense Command occurred in the autumn
of 1944. Of these, 48.7 percent showed an exanthem, and the titer of hetero-
l)hile antibodies was remarkably low, in the majority being below 1:28.
A Weil-Felix reaction of above 1: 160 wits found in half the cases. More-
over, there were numerous other transient serological reactions, such as the
Kahn, Widal, and cold agglutinin tests, a finding which has been noted in
typhus,. Histological studies of at few excised glands were made at the U.S.
Army Medical Museum. Washington, I).C., and the findings were not typical
in all of theni. Altogether, there is a strong suspicion that this outbreak may
have been rickettsial in nature.

In summary, it may be stated that while infectious mononucleosis was
fairly common, it was not a serious medical problem in the continental
United States. It is estimated from sample tabulations that about 21,000

73 (1) lBernstein. A. : Infectious Mononucleosis. Medicine 19: 85-159, February 1940. (2) Cus-
ter, IR. P., and Smith. E. 1.: Pathology of Infectious Mononucleosis. Blood 3 : 830-857. August 1948.

74 Weehshi-r, 11. F., Rosenblum. A. H1., anld Silts. C. T. : Infectious Mononucleosis; Report of an
Epidemic In an Army Post. Ann. Int. Med. 25 : 113. July; 236, August 1946.
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cases occurred in the total U.S. Army during the period 1942-45, of which
about 15,000 were in the continental United States.

Experience Overseas

Sporadic cases of infectious mononucleosis were observed in the European
theater throughout World War II where the case rate was about one-half that
in the United States. At one time, the disease was mildly epidemic in an area
of East Anglia, where a considerable number of cases was reported among
Army Air Force personnel, and also among the personnel of the 2d Evacua-
tion Hospital. In one of these, a most unusual complication occurred, spon-
taneous rupture of the spleen. The patient recovered following splenectomy.
This epidemic was not of sufficient magnitude significantly to affect military
operations.

As might be expected in any disease with such varied manifestations,
very unusual clinical cases were observed. One patient, for instance, had a
severe thrombocytopenic purpura during the acute phase of the disease.75 The
writer saw a patient who was nearly exsanguinated owing to hemorrhage from
an ulcerative pharyngitis. Ile recovered following transfusions and penicillin
therapy. This indicates that the associated Vincent's infection in mononu-
cleosis may be a dangerous complication. No useful purpose is served in
multiplying these remembered clinical curiosities.

RUBELLA

Rubella (German measles) is the mildest of the exanthemata of child-
hood. Unlike the others, it is almost wholly uncomplicated, and the mortality
rate is usually stated as nil. The disease is highly communicable, but the
symptoms are so trifling and the resulting disability of such short duration
that its only importance is its nuisance value. Clinically, it may cause some
difficulty in differential diagnosis as it can be mistaken for other diseases,
such as measles, infectious mononucleosis, drug eruptions, scarlet fever, or
even syphilis.

Although the diagnosis is purely clinical, it seems probable that German
measles in its usual form is recognized with some accuracy by clinicians of
wide experience. However, the differential diagnosis between it and measles
may be difficult for others less experienced. This point is brought up because
of certain peculiarities in its reported behavior during World War II. In
the first place, unlike measles and mumps, rates were higher than in World
War I. This is difficult to explain unless the low rates for the First World
War resulted from marked under reporting of a trifling malady. Secondly,
seven deaths were ascribed to German measles, and the average days lost to
duty (9) was not much lower than the number lost owing to measles (13 days).

T5 Lloyd, P. C.: Acute Thrombocytopenic Purpura in Infectious Mononucleosis; Report of a Case.
Am. J.M. Sc. 207: 620-624, May 1944.
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Lastly, there was a striking peak in the incidence of German measles in 1943,
the year of tile highest rate for nleasles. All these facts create tile Suspicion
that cases of measles were being reported as German measles. The most im-
portaiit differentiating points are the diffei'etit modes of onset of the two
diseases, and the exanthein of true measles.

There were 135,83,0 cases of German measles rel)orted in W1orld WVar It.
of which 125,5,30 occurred in the United States. If these figures are accurate.
it caused inore noneffectiveness than measles. It was an inconsequential
malady, of extremely benign character, and presented no clinical features
worthy of discussion. However, the interesting observation made in Australia
during the Second World War that German measles occurring in the first
2 months of p)regnancy is associated with i a high incidence of congenital mal-
formations of the iiewborn 76 was ol)bviously devoid of military significance.

Part II. Chronic Respiratory Diseases

CHRONIC BRONCHITIS

"Chronic bronchitis" is a rather loose diagnostic term which does not
usually indicate a clear-cut pathological or, for that matter, clinical entity.
One variety is the chronic cough of older men, usually more marked in win-
ter. Some of these individuals may have occasional wheezing rales; in
others, there are no noteworthy physical signs. X-rays of the chest may
show somie exaggeration of the bronchial markings, but often the diagnosis
is a presumptive one based on the observation of a chronic cough. As the
individual grows older, he may develol) varying degrees of emphysema with
its attendant effects on respiratory physiology. Cigarette smoking and
chronic disorders of the upper respiratory tract are most assuredly contribut-
ing factors to the condition. Because of the age distribution of Army per-
sonnel, this type of chronic bronchitis was more often seen on the officers
wards. In some climates, it tended to get worse. It was the writer's impres-
sion, for instance, that elderly officers coughed more in England than they
had at home. Dampness, unheated billets, and excessive smoking undoubt-
edly contributed to this. It has also been remarked that in a tropical climate.
such as Panama, soldiers with a history of recurrent acute bronchitis tend
to (le•velop) chronic bronchitis. 77

The nmanagement of these cases was largely a matter of appraisal. In
the author's experience, it was almost always impossible to persuade an
officer stationed overseas to stop smoking. If the condition were deemed

76 Swan, C., Tostevin, A. L., Moore, B., Mayo, H., and Black, G. H. B.: Congenital Defects in
Infants Following Infections Diseases During Pregnancy, With Special Reference to the Relationship
Between German Measles and Cataract, Deaf-Mutism, Heart Dlsease and Microcephaly, and to Period
of Pregnancy In Which Occurrence of Rubella is Followed by Congenital Abnormalities. M.J. Aus-

tralia 2: 201-210, 11 Sept. 1943.
77 Cohen. A. G. : An Early Form of Chronic Bronchitis In Panama. War Med. 5: 105-108, Febru-
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incompatible with atny kind of duty, the patient was boarded home. At
times, it was possible to effect a change in his working and living conditions.
On the whole, however, there was little in the way of medical treatment
which could be offered. Diag',.)sis of ehronic bronchitis was sometimes used
as a handy means of returnir , home elder!y officers who had outlived their
usefulness in an oversea theater.

A just appra;Sal of the IiIll)ort' tliCQOe o'fnirouic bronchlitis in the Army
is difficult. It never seemed to be a major problem, and yet preliminary data
based on sample tabulations indicate that the disease was responsible for
about :14,000 admissions during the l)eriod 1942-45. Nearly half of these
occurred overseas. nhe figure seems extraordinarily high and, l)erhal)s,
indicates that the diagnosis wits freely tsed to designate any case of chronic

cough.

Mustard gas is a recognized cause of chronic bronchitis. Hadi this or
other irritating inhalants been c(mployed in any of the camlpaigns, the dis-
ease might well have become a major p)robllenm. During World War II. vir-
tually the only individuals at risk were those engaged in the manufacture of
mustard gas. A few cases were reported.78

Asthma.-The dividing line between (-hronic l)ronchitis and asthma is
oftelm not very .lealr cut. In younger individuals, chronic bronchitis is often
of an asthmatic character; that is, it, ina. be really a imanifestaiion of asthma
of the endogenous or intrinsic type. These asthmatic bronchitides tended to
get worse overseas. 79 Moreover, it is interesting to note that, in one series
of 28 asthmatics whose initial attack occurred in thie Army, in 23 it devel-
oped overseas.8 0  This is presumably related to heavy pollination in certain
tropical areas. At the same tinme, intrinsic asthma was aggravated during
the tropical rainy season.

Trhe management of asthma in the Army is fraught with discourage-
ment. In civilian practice, one can perform an exhaustive study and. de-
pending, upon the findings, endeavor to modify the external environment or
to exert influence on the patient, by either improving his respiratory disease
status or actually rendering him less sensitive. None of these is feasible
during a military campaign. save in very exceptional instances. The clinical
manage1ment of -Isthlnma. apart from symp)tomatic treatment, consists prin-
cipally in appraisal. By observing the patient. over a consi(lerable period of
time, the medical officer tries to answer the following questions: Is this
man capable of full duty? Of limited duty? Should he be boarded home
from an oversea theater or, if at home, separated from the service?

Most medical officers believed that very few asthmatics, no matter how
mild their disease, were fit for combat duty. Exertion and dust, for in-

"78 Morgenstern. P., Koss, F. R., and Alexander, W. W. : Residual Mustard Gas Bronchitis ; Effects
(it Prolonged Exposure to Low C.on'entrations of Mustard Gas. Ann. Int. Med. :.6: 27-40. January
1947.

79 See footnote 19. p. 9.
m4) Alford, R. I. : DIspos4tion of Soldiers With lJron.hlal Asthma. J. Alle rgy 15: 196 202, May

1944.
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stance, tended to produce some shortness of breath in these individuals even
when the asthma did not seeim to be clinically active. On the other hand,
many such individuals could be retained on a limited duty status either
overseas or at home. It must be added, however, that this was partly de-
pendent on the man's willingness to serve. Asthma undoubtedly has a psy-
chosomatic aspect, and if a relatively mild asthmatic wished to get himself
sent home from an oversea theater, he usually succeeded in doing so. Mild
asthma often got worse overseas. Thus, asthma was one of the leading mnedi-
cal causes for return to the Zone of Interior. The disposition of asthimatics
in thie Vinited States may be indicated by a report of 100 consecutive patients,
of whom 71 were discharged from the service.

BRONCHIECTASIS

In young individuals, bronchiectasis may be a progressive and disabling
disease. The likelihood of such a person being accepted for military service
is extremely remote, and it has been stated that bronchiectasis was the most
common form of chronic nontuberculous lung disease discovered on induction
examination. However, bronchiectasis of a milder type, essentially cylin-
drical rather than saccular, may be discovered in a soldier who has previ-
ously been in reasonably good health. The pathogenesis of the condition is
somewhat obscure, but the lesions may arise apparently as a result of sinus-
itis. following pneumonia, or in older individuals as a consequence of chronic
bronchitis. Bronchiectasis by itself does not necessarily produce any phys-
ical signs or X-ray changes. It is likely, therefore, that the disease is over-
looked on occasion. Undoubtedly, if more bronchographic studies were per-
formed, it would be more frequently recognized.

Bronchiectasis has been termed the most common chronic pulmonary
disease in the U.S. Army.81 As evidence of this, the authors reported 95
cases investigated bronchographically, mostly for slowly resolving pneu-
monia. Of these, 37 showed frank and 24 minimal bronchiectasis. No
bronchiectasis was found in 34 patients. Two other reports might be cited,
both from station hospitals in the Third Service Command: At Fort Bel-
voir, Va., 33 cases were discovered during the course of a year 82-14 were
said to be severe, 9 moderate, and 10 minimal. At Fort Eustis, Va., the
diagnosis was made 40 times over a 15-month period; 9 patients were stud-
ied because of chronic cough, and the rest were admitted with a diagnosis of
atypical pneumonia. When resolution failed to occur in 4 to 6 weeks, bron-
chographic studies revealed the true condition. Only 23 of the entire series

81 Evans, W. A., Jr., and Galinsky, L. J.: The Diagnosis of Bronchiectasis in Young Adults;
Prebronchographic Roentgen Manifestations Observed Among Military Personnel. Am. J. Roentgenol.
51 : 537-547, May 1944.

82 Thompson, T. E., Jr., Cawley, F. C., and Seltzer. A. : A Study of Bronchlectasis at Station
Hospital, Fort Belvoir, Virginia. M. Ann. District of Columbia 13: 93-97, March 1944.

8s Grier, G. S., III: Importance of Bronchography in Cases of Unresolved Pneumonia. Arch.
Int. 'Med. 73: 444-448, June 1944.
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gave a long history of chronic cough. These patients did not show the typ-
ical textbook picture of severe bronchiectasis with wasting, foul sputum,
clubbed fingers, and so forth. The disease was obviously in a much milder,
or earlier, stage. The author of this study did not believe that these slowly
resolving pneumonias were primary atypical pneumonia, but rather that
they were of the variety long recognized as occurring in conjunction with
symptomatic flareups of bronchiectasis. Some internists believe that chronic
bronchiectasis is at times a rare sequel of severe atypical pneumonia. For
instance, the disease was believed to follow atypical pneumonia in no less
than 17 of 33 cases admitted during a 9-month period to the Percy Jones
General Hospital, Battle Creek, Mich.s 4  However, a review of the case
reports given in this paper leaves serious doubts as to the diagnosis of
atypical pneumonia. Flareups of pneumonitis are a common feature of
bronchiectasis, and the differentiation of these from primary atypical pneu-
monia is extremely difficult. Van Ravenswaay and his associates85 stated
that bronchiectasis occurred as a sequel to atypical pneumonia at Jefferson
Barracks in 11 of 1,862 cases. This question is not yet entirely settled. On
the other hand, dilated bronchi, which later reverted to normal, have been
shown in a few patients convalescing from atypical pneumonia.8 6 The condi-
tion was termed "pseudobronchiectasis."

It is estimated that the disease caused more than 6,000 admissions in the
period 1942-45, four-fifths of them in the continental United States. When
the diagnosis was established, it was ordinarily a cause for separation from
the service.

A certain number of cases were treated surgically during World War IlI.
For example, in 1943, 25 lobectomies were performed at Fitzsimons General
Hospital, Denver, Colo., with 2 deaths.

LUNG ABSCESS

The possibility that a person with a chronic lung abscess could pass the
induction X-ray and physical examination is so slight that cases of this
condition observed in the U.S. Army presumably developed in the service.
Acute lung abscess is by no means uncommon in civilian practice; such
cases follow ,. fairly well recognized clinical pattern, and a considerable
percentage, perhaps nearly half, recover spontaneously without surgical
drainage. The remainder will become chronic if not drained. Acute ab-
scesses of this type coming on de novo, so to speak (in the absence of such
predisposing factors as dental extraction and tonsillectomy) were very rarely
encountered in the Army. The reason for this is not entirely clear unless
it be the generally low incidence of bacterial pneumonias. Lung abscess

84 Kay, E. B.: Bronchiectasls Following Atypical Pneumonia. Arch. Int. Med. 75: 89-104,
February 1945.

85 see footnote 46, p. 20.
86 Blades, B., and Dugan, D. J.: Pseudo Bronchiectasis Following Atypical Pneumonia. Bull.

U.S. Army M. Dept. No. 70, pp. 60-68, November 1943.
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developing after surgical procedures also seemed unexpectedly rare. It is
the writer's impression that many of the lung abscesses seen in tile Army
were in battle casualties.

The disease is estimated to have beenl responsible for about 500 admis-
sions in the 1942-45 period, with 16 deaths.

SPONTANEOUS PNEUMOTHORAX

Tihe sudden appearance of air in the pleural cavity not due to penetrat-
ing wounds of tile chest wall or endotrael!1' ....... i is known as spontane-
ous pneunmothorax. It was formerly tli, related to tuberculosis.
Now, however, while it is known that sl iiiaueous pneumothorax may oc-
casionally occur as a complication of frank pulmonary tuberculosis, it is also
recognized that the great majority of cases take place as a result of rupture
of a suipleural bleb and have no relationship with tuberculosis whatsoever.
Interestingly enough, rupture often takes place quite independently of phys-
ical exertion.

In many instances. pneuniothorax is a recurrent disease. Recurrences
were formerly thought to be uncommon, but it now seems likely that if more
frequently recognized by general practitioners their incidence would rise.
For example, a report from the Station Hospital, Seymour Johnson Field,
Goldsboro, N.C.,8 7 points to a highly suggestive history of one or more previ-
ous episodes in five out of seven carefully studied cases.

Spontaneous pneunlothorax is most frequently encountered in relatively
young males and gives rise to characteristic physical signs only if the
amount of escaped air is large enough. Roentgen examination, however,
as a rule is unequivocal; and if chest X-rays are routinely taken of individu-
als giving a suggestive clinical history (there is almost invariably some sud-
den chest pain at the onset followed by varying degrees of dyspnea), the
condition should not be overlooked. Pneumothorax is rarely complete; in
probably three-fourths of the cases, the collapse is less than 50 percent. so
that the number of cases not detectable with assurance on physical examina-
tion is high. Following spontaneous pneumothorax, fluid may occasionally
appear. but these effusions are small.

In the usual course of events, there is aI single leakage of air which will
be absorbed in the course of time. On1 the other hand, there may be recur-
rent leakages (luring the reexpansion period, or the pneumothorax may be
permanent due to an open fistula. Such cases require the attention of the
thoracic surgeon. Another clinical variety is the so-called tension pneumo-
thorax wherein so much air escapes (often aided by a valve effect in the
rent pleura) that dangerously high intrathoracic pressures are produced.
Fortunately, this is a rare happening, but when it occurs, it may constitute
a real medical emergency. The patient is extremely dyspneic and cyanotic,

47 P'ease,. I. P., Steuer, L. G., and Chapman, A.: Spontaneous Pneumothorax In Soldiers. Bull.
U.S. Army M. Dept. No. 82, pp. 102-107, November 1944.
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and his gasping respirations only serve to aggravate the situation. In such
instances, the quick release of air by means of a needle plunged through the
chest wall is lifesaving. Lastly, the rare phenomenon of hemopneunothorax
might be mentioned. Here, bleeding occurs from the torn pleura, sometimes
on a large scale.

There were 3,831 admissions for spontaneous pneumothorax to U.S.
Army hospitals between 1942 and 1945. It was about twice as common at
home as overseas. The vast majority of these cases were of the uncompli-
cated benign type, and in about 10 percent was the condition a cause for
separation from military service. Recurrence was the reason for most of
the discharges. The average duration of hospitalization was in the neigh-
borhood of 2 months, so that neither in terms of man-days lost nor man-
power permanently lost did the disease constitute a serious medicomilitary
problem. The four deaths attributed to the condition were presumably due
to tension pneumothorax.

In 1944, at the suggestion of the National Research Council, a booklet
on spontaneous pneumothorax was prepared for general distribution by Dr.
James J. Waring.8a In this, he advocated conservative therapy, with em-
phasis on hospitalization, bed rest, and the avoidance of air transport. Dr.
Waring also discussed the indications for thoracotomy, chemical pleuritis in
the recurrent cases, and the disadvantages of these procedures. In general,
he advised an individualized approach to each case.

PULMONARY FIBROSIS

Diffuse fibrosis of the lungs may follow granulomatous diseases, such
as tuberculosis, fungus infections, sarcoidosis, and beryllium poisoning. It
is also a serious occupational hazard of those exposed to the inhalation of
silica dust. The preinduction X-ray screening of U.S. Army personnel in
World War II made it highly improbable that individuals with any signifi-
cant degree of pulmonary fibrosis would be accepted for military service.
Moreover, the conditions leading to its development were not a feature of
army life, so that, apart from a certain amount secondary to chronic pul-
monary tuberculosis, it was never a feature of medicomilitary practice. It
might be added that the only generalized fungus infection with a fairly
high incidence in the Army, coccidioidomycosis, is not a recognized cause
of diffuse pulmonary fibrosis.

Peculiar instances of rapidly progressive pulmonary fibrosis whose
etiology is entirely obscure have been recorded in the literature. Notable
among these is the report of Hamman and Ricl.8 9 It is of interest that four

88 Waring, J. J.: Spontaneous Pneunothorax. Office of Medical Information, Division of Medical
Sciences, National Research Council, July 1944.

89 (1) Hamman, L., and Rich, A. R.: Acute Diffuse Interstitial Fibrosis of the Lungs. Bull. Johns
Hopkins Hosp. 74: 177-212, March 1944. (2) Eder, H., Hawn, C. V., and Thorn, G. W. : Report of
a Case of Acute Interstitial Fibrosis of the Lungs. Bull. Johns Hopkins Hosp. 76: 163-171, April 1945.
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cases thought to resemble those described by Ilamman and Rich were ob-
served in the U.S. Army in New Guinea in 1944. Of these, one patient
finally recovered while two were evacuated and lost to followup study.
One canie to autopsy.

PULMONARY EMPHYSEMA

Chronic pulmonary emphysema was occasionally noted in the U.S. Army
in the older age groups, particularly among officers. It was less common
than in civilian practice, probably owing to the generally higher standards
of health prevailing in the Army. It was said to be responsible for about
750 admissions in the period of 1942-45, most of them in the continental
United States.

MALIGNANT DISEASE OF THE LUNGS

The incidence of malignant disease generally in the U.S. Army is very
low, owing to the age group involved. Moreover, a survey of 15 million
Army man-years in the 20- to 40-year age group made in 1944-45 indicated
that the incidence in this group was lower than among civilians.'0 The
reason for this difference is not apparent. In any case, cancer occurs with
expected frequency in the older age group, again particularly among officers.

As a measure of the importance of malignant disease of the lungs in
military medicine, the following is cited: Bronchogenic carcinoma is esti-
mated to have been recognized 200 times during the period 1942-45. There
were 91 cases of all forms of malignant diseases of the lungs identified at
Letterman General Hospital, San Francisco, Calif., between 1944 and 1950.
This represented almost exactly I per 1,000 admissions.9 1

90 Lindsey, D., and Cohart, E. M.: Incidence of Cancer in American Males; 15.000,000 Man-Years
of Aggregate Experience, United States Army, 1944-45. Cancer 3:: 945-959, November 1950.

91 For the surgical aspects of diseases of the chest see Is~ades, Brian B., Carter, B. Noland, and
DeBakey, Michael E. : Surgical Aspects of Diseases of the Chest. In Medical Department, United States
Army. Surgery In World War II. Thoracic Surgery. Volume II, ch. XI. [In preparation.]-J. B. C., Jr.



CHAPTER II

Sandfly Fever
William A. Reilly, M.D., Roberto F. Escamilla, M.D., and

Perrin H. Long, M.D.

The diagnosis of sandfly fever was not made as frequently as it should
have been, because of an unfamiliarity with the disease and a certain reluc-
tance on the part of medical officers to make the diagnosis solely from the
clinical picture.'

Sandfly fever, also known as Phlebotomus fever and pappataci fever,
attained importance in Allied and Axis forces in the Mediterranean (for-
merly North African) Theater of Operations, U.S. Army, in World War II
by incapacitating large numbers of men for periods of 7 to 14 days, or
longer. This disease was known to be endemic in the Mediterranean littoral
and was first recognized in U.S. forces in North Africa toward the end of
April 1943. Although not reported as such in the statistical health report
(WD MD Form 86ab), the first patients were seen at the 77th Evacuation
Hospital then situated near B6ne, Algeria. At that time, typical cases were
described, and a careful study vas made of the relation and importance
of meningeal irritation to the general findings in the disease. The patients
had come from the U.S. II Corps which was then engaged against the enemy
in northern Tunisia. At the same time that these patients were being stud-
ied and the disease recognized in the 77th Evacuation Hospital, an increased
incidence of influenza was observed by the medical services of the other
e-vacuation hospitals within the corps area and also a sharp increase in the
number of cases of F.U.O. (fever of undetermined origin) was noted in the
statistical health report for April 1943. While no careful search for sand-
flies was conducted by trained entomologists during that period, it is known
that sandflies, Phfcjbotorus papafasii., were captured and identified as sucl.
in northern Tunisia by certa_,1i British medical officers and by members of
the hygiene section of the Brit,:h First Army.

While knowledge concerning the incidence of sandfly fever in U.S.
forces in North Africa during the summer of 1943 is obscured by the fact
that the diagnosis was infrequently made and doubtlessly most of the cases
were classified as F.U.O., the disease is known -o have occurred frequently
in the region of Tunis, Mateur, Ferryville, and Bizerte in Tunisia; also

1 Letter, Lt. Col. Perrin H. Long. MC, Consulting Physician, Office of the Surgeon, Headquarters,
NATOUSA, to the Surgeon, NATOUSA, 24 Aug. 194:1. subject: A Report Upon Medical Services in
Sicily.
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around Orani and Algiers in Alger a.2 (Cases of the endemic disease were
noted iii members of the Allied forces iii Algiers and, in at least one
inistanice, a fairly extensive outb~reak occurred among memibers of a signal
corps det achmnent, which was situated just ouitsidle thle city. InI this outbreak,

hie disease was thought to lbe dlengue utili it review of the cliniical finding
in the disease revealed ý.i absence of secondary rises in fever. An entomio-
logical survey of thle area of this (let achmient established tilie presence of
miany sandtlies of thle variety 1'. papalaii.~n

Ai review oif the plan~is for the amplhib~ious o1)erat ionl in Sicily Which dealt
with the professional services shiows that sandily fever was considered ai
likely threat. to manpower (luring the Battle of Sicily anid thlat the peak of
the disease would he reached after 1 August 194:1. This prediction wvas
more than realized, lbecause the (disease wvhich had been contractedl in North
Africa be-iriu to make it s appearance onl D-day in Sicily, and, while no
cases of the disease wvere reported in the statistical health report for
NATroITSA (North African Theater of Operations, U.S. Army) for July
1943, in reality, there were hundreds of cases of sandfly fever in thle troops
in Sicily during that monthI. This lack of reporting was (Ile to the dliffi-
dence that medical officers then showed in making the diagnosis of the (is-
ease froin tilie clinical find~in~gs alone.3

D~espite the reportinlg of bult 104 e'ases. thle (lisease reached epidlemic pro-
portions iii Sicily because, it was at f-avorable simimer for thle. propagation
of sandflies, the type of figltingl Was froii village to village, native hiabita-
tions were used as billets, and discipline in respect to the use of nets and
insect repellents was poor. Sampling studiesi noade in division clearing
companies and evacuation hospitals during the. first 2 weeks in August pro-
duced clinical evidence ttat a mninimumi, at least 25 percent, of the cases
(liagnosed as F.IT.O. should have lauen diagnosed as sandfly fever. During
the latter half of the month of August and the first half of September, this
same percentage probably prevailed.

Trhe invasion of Italy by way of the beaches atit Salerno (all area in
Which sandlflies were commonl) was attended by a large number of cases of
sancifly fever. This iiivasioni w;s spearheaded by the .36th In~fantry lDiVi-

2 11n May 194:1, shortly after Von A4rmin's army was driven out of Tunis, contact was possible
with U.S. Army Forces In !he Middle V'a .g i-gypt) and the Persian Gulf Service C:ommand (Iran-Iraq).
Rep,,rts of the extensive outbreak.ý ýiit.ý,!' fever there. which occurredl ini U.S. personnel, were
beginning to be available althoug~h :-I wax' nl-,"ýeft that In theme areas, too, medical officers were loath
to make the diagnosis, preferring F. '' ý -rlizenza.

'I An analysis of the possible exteill -i andifiy fever cases In the Sicilian campaign, nearly all of
which were probably erroneou~sly' dliagnose4d am malaria or conservatively labeled F.U.O., was the Rub-
ject of a special report miade by Mij. (later Lt. Col.) Albert B. Sabin, MC. In September 1943. This
repport was subsequently published in part by Major Sabin, Lt. Col. Cornelius B. P~hilip, MC, and
h~r. John R. Paul. The conclusion reached by Major Sabin was that sandfly fever was probably respon-
sible for as many, If not more, cases of fever as malaria. (I. Letter, Maj. Albert B. Sabin, 16C, to
chief Surgeon, Seventh Army : Col. Daniel Franklin, 7 Sept. 1943, subject: Estimate of Extent to
Which Sandfiy Fever Was and Is a Problem Among Ameprican Forces In Sicily. 2. Sabin, A. B., Philip,
C. B.. and Paul, J. R.: Phiebotomus (Pappataci or Sandfly) Fever: A Dlisease of Military Importance:
gamnmary of Existing Knowledge and Preliminary Report of Original Investigations. J.A.M.A. 125:
60.3 606, 1 July 1944.)
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sion. a unit which had had little experience with sandfly fever and hence
was ,comprised mainly of susceptible persons. Again, as in Sicily. the
tro•i, , iade use of buildings both as strong points during the fighting and
subsequently as billets, and discipline in the use of nets and repellents was
poor. Because of certain command difficulties, it was impossible to have an
adequate study made of the F.U.O. cases in Fifth U.S. Army hospitals dur-
ing September and early October, so that an approximation of the number
of cases of sandfly fever was not made, although from the rather meager
data at hand it seemed probable that the incidence of the disease in the Fifth
U.S. Army during this period was similar to that experienced by the Sev-
enth U.S. Army in Sicily.

In 1944, in Italy, the situation in respect to the diagnosis of sandfly
fever was considerably improved, and the figures for that year were much
more representative of the actual incidence of the disease than they were in
1943. However, it must be recorded that, even after an indoctrination cam-
paign had been conducted in the diagnosis of sandfly fever, there were many
medical officers who, because a specific diagnostic test for this disease did
not exist, preferred to make the diagnosis of F.U.O. Frequent examples of
this failure to make the proper diagnosis were encountered in the monthly
essential technical medical data reports, in which medical officers, after hav-
ing describd classical examples of the disease, would state that although
sandflies are known to exist in this area, the faet that none of the patients
had seen the insects and few if any gave a history of having been bitten by
sandflies, the diagnosis of sandfly fever could not be definitely established
and that, hence, the cases were classified as being F.U.O.

In MTOUSA (Mediterranean Theater of Operations, U.S. Army), dur-
ing the winter of 1944 and spring of 1945, an intensive campaign of educa-
tion was carried out in respect to the clinical findings in sandfly fever. The
effect of this campaign became evident because the incidence of sandfly fever
as reported in the statistical health reports for May, June, and July, 1945,
reflected the true incidence of the disease.

While the literature upon disease in the Wehrmacht was scanty, it was
known that German troops based in the Mediterranean area suffered from
sandfly fever. Hallmann' 4 in 1941, deseribed an outbreak of sandfly fever
that occurred in German soldiers who were stationed in the islands and the
Greek mainland near Athens. The majority of the cases of the disease were
seen in July and August, and it was estimated that 20 percent of all the
troops in the area had the disease during this ti- e. In a reportr printed in
Berlin in 1944,5 an analysis of 5,890,000 records for admissions to hospitals
for sickness in the German Army from 1 September 1939 to 31 March 1943
was made. Of the admissions recorded in this report, 1,062,920 were for

.Hallman: Beltrag zum Pappatacifleber 1941 auf der Balkanhalbinsel. Deut. trop. Ztschr. 43:
64-68, 1 Feb. 1943.

5 DIe Infektionskrankheiten im jetzigen Kriege. Anlage zu Der Heeres-Sanititslnspekteur. Nr.
8715/44 geh. (WI G) Prdif Nr. 50. Berlin, den 28.8.1944.
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infectious diseases. Sandfly fever (Pappatacifieber) was 13th on the list as
a cause for admission with 4,941 cases recorded without any deaths and with
an average period of hospitalization of 13.4 days. Inasmuch as the Wehr-
macht had a large number of troops stationed in the Mediterranean and Black
Sea littorals in 1941. 1942, and 1943, it is astounding that but 4,941 cases of
sandfly fever were recorded. It is especially surprising when one considers
that in this study no mention was made of the existence of F.U.O. The
truth of the matter probably lies in the fact that during this same period a
total of 159,890 cases of "grippe" were recorded from hospital reports. It is
likely that many cases of sandfly fever were reported incorrectly under this
diagnosis.

ETIOLOGY

It was established in 1908 by Doerr, Franz, and Taussig 6 that the causa-
tive agent of sandfly fever is a filterable virus and that the midge, P. papa-
tasii, is the vector of this disease. This finding was confirmed by other ob-
servers 7 and also by Sabin, Philip, and Paul. Sabin and Paul studied the
disease in Sicily after the end of the Sicilian campaign in 1943. As a result
of their studies, they obtained the following information regarding the virus
of sandfly fever:

Virus is present in the blood of patients 24 hours before the onset of fever and during
the first 24 hours thereafter: it is no longer demonstrable 48 hours after onset. It may
be passed serially in volunteers by parenteral inoculation although the intracutaneous
and Intravenous routes were more effective than the intramuscular or subcutaneous routes.
Attempts to recover virus from the spinal fluid obtained In the first 2 days of the experi-
mentally produced disease were unsuccessful. The virus survived in the frozen state at
Dry Ice box temperature or in the lyophilized state in an ordinary refrigerator for
6 months. The size of the virus as determined by filtration through gradocol membranes
appeared to be not larger than 25 to 37 mpt, although the low titer of virus (1,000 mini-
mum infectious doses per ml. of serum) suggests the possibility that it might be even

smaller. Unsuccessful attempts were made to inject embryonated eggs and a wide variety
of species including young baboons (Papio hamadryas) and monkeys of the following
species: grivet (Cercopithecus griscoviridis), vervet (Cercopithecus acthiops pygerythrus),
red African hussar (Cercopithecus [Erythroccbus] patas), Macaca radiata and Macaca
mulatta (rhesus). The rodents included young white mice, wild gray mice, Syrian ham-

sters, Egyptian desert rats (jerboas), rabbits, guinea pigs, and cotton rats.

As cited by Warren and Johnson,s Sabin also showed that there was more
than one strain of sandfly fever virus. Volunteers who had been inoculated

6 Doerr, R.. Franz, K., and Taussig, S.: Das Pappatacifleber. Leipzig und Wien: Franz Deu-

ticke, 1909.
"7 (1) Birt, C. : Phlebotomus Fever in Malta and Crete. J. Roy. Army M. Corps 14: 236-258, 1910.

(2) Birt, C. : Sand-fly Fever In India. J. Roy. Army M. Corps 15: 140-147, 1910. (3) Tedeschi, A.,
and Napolltani, M.: Experimentelle Untersuchungen uiber die Aetiologle des Sommerflebers. Centralbl.
F. Bakterlol. 57: 208-211, 1911. (4) Shortt, H. E., Poole, L. T., and Stephens, E. D. : Sandfly Fever
on the Indian Frontier; A Preliminary Note on Some Laboratory Investigations. J. Roy. Army M.
Corps 63: 361, December 1934; and 64: 17, January 1935. (5) Sbortt, H. E., Poole, L. T., and
Stephens, E. D. : Note on Some Experiments With Sandfly Fever Blood and Serum. Indian J.M.
Research 23: 279-284, July 1935. (6) Moshkovsky, Sh. D.: Studies on Pappataci-Fever. Med.
Parasitol. and Parasitic Dis. Moscow 5 (No. 6): 823-862, 1936.

8 Warren, R. 0. Y., and Johnson, J. W., Jr.: Sandfly Fever in NATOUSA. M. Bull. Mediterranean
Theat. Op. 3: 160-164, May 1945.
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with a strain of virus obtained from a patient in the first day of his illness
in Caserta, Italy, developed typical sandfly fever; they were not subsequently
protected by this attack against an inoculation with the Sicilian strain of the
virus.

EPIDEMIOLOGY

It is believed that P. papatasii is the chief vector of sandfly fever ill
NATOUSA. The adjacent shores and islands of the Mediterranean, Adri-
atic, and Aegean Seas which were included in the North African and Medi-
terranean theaters have long been known as favorable breeding places for
the moth midges of the genus Phl ebotomus. The hilly and rocky terrains of
Algeria, Tunisia, Sicily, Sardinia, Corsica, and Italy and the adobe or stone
houses which (lot these areas give rise to what was aptly called "tile classical
sandfly situation," by Maj. Marshall Hertig, SnC. The female sandfly by
choice seeks rocky places, cracks in masonry, buildings, stone walls, or rub-
ble and caves in which to lay its eggs; the adult midges seek outdoor shelter
in caves, cracks in stones an(d buildings, and under the eaves of buildings. A
cool, shaded, slightly damnp environment is ideal for the life of this insect.

Sandflies rest during the day and feed during the night. The female
alone bites, an act which she performs persistently and viciously; a meal of
blood is necessary for proper ovulation (fig. 1).

The incidence curves of sandfly fever and F.U.O. in NATOUSA-
MTOITSA from January 1943 to December 1945 are presented in chart 1.
The first cases of sandfly fever were reported in August 1943 although the
disease was recognized in North Africa as early as April 1943. In 1943, the
peak monthly rate (September) was 7.9 per 1,000 per annumi, a rate doubt-
lessly far below the actual rate, because the vast majority of cases of sandfly
fever were reported as F.U.O. Since careful studies were not made upon any
sample group of cases of F.U.O. in 1943, there was little information about
the correct diagnoses at the time of the final disposition of these patients,
and it will never be known what percentage of patients diagnosed as having
F.U.O. during the summer of 1943 were in reality suffering from sandfly
fever. It is to be remembered, however, at this point, that many cases of
malaria were also classed as F.U.O. in 1943 and that the total rate does not
primarily represent undiagnosed cases of sandfly fever.

The incidence curve during 1944 more closely approximated the true in-
cidence, since medical officers were beginning to have some familiarity with
the disease and hence were more prone to make the correct diagnosis. In an
interesting study of F.U.O. 9 made by Maj. Emil C. Beyer, MC, it was found
that a diagnosis of sandfly fever was made at the final disposition in 2.4
percent of 450 cases initially undiagnosed upon admission as F.U.O. during

the months of June, July, and August, 1944. However, in this same group,

9 Beyer, E. C.: Fever of Undetermined Origin. M. Bull. Mediterranean Theat. Op. 3: 208-209,
June 1945.
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FIoUID 1.-Male aind female of Phlcbotoimns papataxii, the vector of sandfly fever. (Sabin,
Philip, and Paul. J.A.M.A. 125: C63-606, 1 July 1944.)



SANDFLY FEVER 55

CHART 1.-Incidence of sapdlty fever and fever of undetermined •rigin in the North
African-Mediterranean Theater of Operations, U.S. Army,1 1943-45

(Preliminary data based on summaries of statistical health reports]
[Rate expressed as number of cases per annum per 1,000 average strength]
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I The North African Theater of Operations was redesignated the Mediterranean Theater of
Operations on 1 November 1944.

the diagnosis of F.U.O. or of febricula appeared in 8.4 and 10.7 percent,
respectively, of the final dispositions made during that period. Thus, the
etiology of 19.1 percent of the patients having fever was in doubt at the time
of their final disposition, and it is possible that many of those patients may
have had sandfly fever. That this is probable is evidenced by a further
study of the diagnoses which were recorded at the time of the final dispo-
sition of a similar group of patients, which was made by Major Beyer during
January 1945. In this group only 8.9 percent were discharged with a final
diagnosis of febricula or F.U.O. It is unknown how many times the origi-
nal diagnosis of F.U.O. was changed to sandfly fever in the statistical health
reports, but on the basis of these figures, there is a possibility that about 10
percent of the patients originally diagnosed as having F.U.O. in the summer
and early fall of 1944 had sandfly fever.

The incidence curve of sandfly fever for 1945 probably represented the
incidence of this disease quite accurately as the rates for F.U.O. were at low
levels in comparison with corresponding months in 1943 and 1944.

As will be noted from chart 1, cases of sandfly fever made their initial
appearance in NATOUSA-MTOUSA in April and gradually built up to a
peak in September; following this, there was a rapid decline within the next
2 months. Thus, the epidemiological pattern of the disease reflected accu-
rately the life cycle of P. papata-ii.

IMMUNITY

A natural resistance to sandfly fever apparently does not exist, and a
large percentage of susceptibles develop the disease if left unprotected in an
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endemic area. Livschitz 1r reported thar, practically 100 percent of experi-
mentally inoculated volunteers who had had no l)reVious contact with the
disease were found to be susceptible, while Sabin, Philip, and Paul stated
that approximately 95 percent of their volunteers contracted the disease fol-
lowing their inoculation with virus. This same high rate of susceptibility
was observed in U.S. forces when they were introduced into NATOUSA-
MTOUSA, and instances were recorded in which 80 percent of a command
contracted the disease in certain areas around Caserta. These observations
were similar to those made by Cullinan and Whittaker 11 in the Middle East,
where rates for sandfly fever of approximately 1.000 per 1,000 per annum or
more were recorded in other ranks in two British general hospitals which
had been located in areas in which sandflies were abundant and in which
sandfly fever was epidemic.

It was recognized also that second, third, or even more attacks of sandfly
fever could occur in the same individual and even the same epidemic season.
Livschitz observed that the initial rate of attack of the natural infections in
a group of 1,076 persons, who were newcomers in an endemic area, was about
50 percent and that 22.8 percent and 0.9 percent, respectively, of 416 persons
who had recovered from an initial infection had second and third attacks of
the disease within the same epidemic season. Cullinan and Whittaker re-
ported that 15 percent of the noncommissioned officers and other ranks in
two British general hospitals had second attacks (and some even third at-
tacks) of sandfly fever during a period of 3 months in which these men were
exposed to the disease in an epidemic area.

While there can be little doubt that an immunity to sandfly fever gen-
erally results from an attack of the disease, the observations which have
just been recorded suggest that at times the immunity may not, be solid.
However, Sabin's investigations,' 2 previously mentioned, indicated the ex-
istence of at least two different strains of virus and suggested the possibility
that second attacks within the same epidemic season or later may have been
the result of an infection with a different strain of virus rather than waning
immunity from the first attack.

CLINICAL COURSE AND DIAGNOSIS

Sandfly fever in NATOUSA-MTOUSA was characterized by the sud-
den onset of fever, headache and severe retro-orbital pain, photophobia, gen-
eralized aching, malaise, and chilly and feverish sensations. Anorexia. nau-
sea, and vomiting occurred in some patients. The face was suffused, the
conjunctivas and scleras injected, and not infrequently pressure over the eye-
balls caused pain. At times, a very faint pink erythema was present over

10 LivschItz. J. M.: Studies on Pappataci Fever. Med. Parasitol. and Parasitic Dim. Moscow 6
(No. 6): 938-943. 1937.

11 Cullinan. E. R., and Whittaker, S. R. F.: Outbreak of Sandfly Fever in Two General Hospitals
in the Middle East. Brit. M.J. 2: 543-545, 30 Oct. 1943.

12 See footnote 8, p. 52.
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the shoulders and thorax, and the spleen was palp)able in a small percentage
of patients. Many of the patients had relative bradycardia. Tihe fever lasted
from 1 to 11 days, averaging 4 days, and was followed by a variable period
of asthenia. In one large group of patients, the period of hospitalization
ranged from 1 to 25 days, averaging 6.2 days. Leukopenia was present in
most cases at the time the patients entered the hospital with the lowest counts
being recorded in the immediate postfebri!e period. The differential count
was characterized by a relative or absolute increase in the lymphocytes (often
with the appearance of large atypical forms) and an absolute increase in
many patients in the younger types of the polymorphonuclear cells.

It is not unusual that the disease caused diagnostic difficulties in medical
installations in MTOUSA. In its milder aspects, it simulated the milder
forms of influenza. At times, the onset was similar to that of malaria, in-
fectious hepatitis, or primary atypical pneumonia, and it required much aid
from the laboratory to differentiate promptly and accurately between these
diseases and sandfly fever.

On occasion, the occurrence of nuchal rigidity in patients with signs and
symptoms characteristic of sandfly fever made the differential diagnosis be-
between this disease of aseptic meningitis difficult.1 3 Because of the lack of
specific serological tests, the diagnosis of sandfly fever could not be made in
patients with evidence of meningeal irritation and pleocytosis of the spinal
fluid, and it could not be proved that sandfly fever virus caused the aseptic
meningitis syndrome. In experiments with volunteers, Sabin, Philip, and
Paul did not believe that it occurred in any of 150 volunteets.

It is evident that, at times, the diagnosis of sandfly fever was difficult
and that it required much clinical acumen and confirmation by the labora-
tory. However, too often in MTOUSA, the reluctance to make the diagnosis
resulted from intellectual slovenliness and from the ease with which, for
diagnostic purposes, the disease could be classified as F.U.O.

TREATMENT AND PREVENTION

The treatment of sandfly fever in NATOUSA-MTOUSA was purely
symptomatic in type.

It was found in NATOUSA-MTOUSA that the prevention of sandfly
fever was dependent upon the precautions taken by the individual against
being bitten by sandflies and upon environmental control measures aimed at
the eradication of sandflies.

SUMMARY

Sandfly fever was a problem of great importance to the U.S. Army in
NATOUSA-MTOUSA, and it was responsible for much loss of manpower
during the summers of 1943 and 1944.

13 See footnote 8, p. 52.
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Due to the variations in the clinical picture of sandfly fever, and because
specific tests for establishing its identity were not available, medical officers
were often reluctant to make the diagnosis of this disease on the basis of
their clinical findings. As a result, many thousands of cases of sandfly fever
were probably recorded as F.U.O., and hence, the data recorded in the sta-
tistical health reports from NATOITSA-AITOUSA regarding this disease
were inaccurate.

Sandfly fever could have been prevented in the areas in which the dis-
ease was endemic if the proper individual precautions for the prevention of
this disease had been observed and if a program for the environmental con-
trol of sandflies based upon the use of I)DT (dichlorodiplenyltrichiloro-
ethane) sprays had been instituted.



CHAPTER III

Dengue

Richard B. Capps, M.D.

INTRODUCTION

Dengue is an acute febrile illness caused by a filterable virus transmit-
ted by mosquitoes. It was tirst described by David Bylon in 1779 under the
niame of joint fever.' Since then, the disease has come to be recognized as
common in many parts of the world, and a number of extensive epidemics
have been described..2  Bancroft," in 1906, was the first to suggest that trans-
mission might be due to Aedes aegypti. This was conclusively established by
Cleland, Bradley, and McDonald in 1916 and 1919,4 Siler, Hall, and Hitchens
in 1926,5 and Simmons, St. John, and Reynolds in 1931.6 Subsequently, it
was demonstrated that Aedes albopictus, Aedes scutellari., and Aedes hebrid-
eus 7 can also serve as insect vectors. That the etiological agent was a filter-
able virus was first proved by Ashburn and Craig in 1907.8 In 1929, Blanc,
Caminopdtros, Dumas, and Saenz 9 found that certain species of monkeys
could be infected with the virus and could thus serve as a natural reservoir.
This was confirmed by Siminons, St. John, and Reynolds in 1931.

Although dengue is a nonfatal disease, it may assume considerable mili-
tary importance because of its tendency to occur in massive outbreaks result-
in- in incapacity of large numbers of men. This type of epidemic is favored
by the introduction of nonimmunes into an endemic area as so often occurred

1 Pepper, 0. 11. Perry: A Note on David Bylon and D)engue. Ann. M. Hist. , : 363-368, Septem-

ber 1941.
2 Sabin, Albert B. : Dengue. In Viral and Rickettsial Infections of Man. 2d edition. Philadel-

phia : J. B. Lippincott Co., 1952, pp. 556-568.
3 Bancroft, T. L. : On the Etiology of Dengue Fever. Australas. M. Gaz. 25 : 17, 1906.
4 (1) Cleland, J. B., Bradley, B., and McDonald, W. : On the Transmission of Australian Dengue

by the Mosquito Stegomyia Fasciata. M.J. Australia 2 : 179-184, 1916. (2) Cleland, J. B., Bradley. It.,
and McDonald, W. : Further Experiments in the Etiology of Dengue Fever. J. Hlyg. 18: 217, Octo-
ber 1919.

5 Siler, J. F., Hall, 31. W., and Hitchens, A. P. : Dengue: Its History, Epidemiology, Mechanism
of Transmission. Etiology, Clinical Manifestations, Immunity and Prevention. Philippine J. Se. 29:
1-304. January-February 1926.

6 Simmons, J. S., St. John, J. II., and Reynolds, F. H. K. : Experimental Studies of Dengue.
Philippine J. Sc. 44: 1-251, January-February 1931.

7 (1) Daggy. R. H. : Aedes 8cutellari8 hebrideus Edwards; A Probable Vector of Dengue in the
New Hebrides. War Med. 5: 292-293, May 1944. (2) Mackerras. I. M. : Transmission of Dengue
Fever by Aedes (Stcgomyia) scutellaris Walk. in New Guinea. Tr. Roy. Soc. Trop. Med. & Hyg. 40:
295-312, December 1946. (3) Fairley, N. Hamilton: Medicine in Jungle Warfare, 26 Feb. 1945.
[Official record.] (4) King, Willard V.: Notes on the Vectors of Dengue in New Guinea, February 1946.
[Official record.]

8 Ashburn, P. M., and Craig, C. F.: Experimental Investigations Regarding the Etiology of Dengue

Fever. J. Infect. Dis. 4 : 440-475, 1907.
9 Blanc. G., Caminopktros, J., Dumas. J., and Saenz. A. : Recherches Exp~rimentales sur la Sensi-

bilit6 des Singes Inf~rieurs au Virus de la Dengue. Compt. rend. Acad. d. Sc. 188 : 468-470, 4 Feb. 1929.

5"
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during tWorld War II. Since prophylactic measures were limited to mos-
quito control and since this was difficult to accomplish during combat, the
disease was a definite military hazard throughout World War I1 in practi-
cally all areas of the Pacific and Asiatic theaters.

INCIDENCE

The incidence of dengue in the U.S. Army during World War II, by
theaters of operations, is shown in table 3. It is evident that the disease was
largely restricted to tie Pacific and Asiatic theaters, although scattered cases
were reported from each of the other theaters. The lack of a specific diag-
nostic test raises a question as to the validity of the diagnosis, especially
where sporadic cases were reported. On the other hand, many cases were
undoubtedly not recognized and were reported under the diagnosis of
"fever of undetermined origin." It seems probable that the actual cases ex-
ceeded those reported. Finally, it should be noted that the incidence remained
low throughout. 1945. This was presumably due to improved mosquito coll-
trol measures, although in certain areas an increased percentage of immunes
may have also been a factor.

TABLE 3.-Incidence of dengue in the U.S. Army, by area and year, 19142-45

[Rate expressed as number of cases per annum per 1,000 average strength)

1942-45 1942 1943 1944 1945
Area

Num- Num- Num- Num- Num-

her of Rate her of Rate her of Rate ber of Rate her of Rate
cases eases cases cases Cases

Continental United States ----- 35 0.00 (1) (1) 12 0.00 14 0.00 9 0.00

Overeas:
Mediterranean --------------- 97 0.07 (I) (1) 82 0.19 13 0.02 2 0.01
Africa-Middle East ---------- 8 .05 4 .70 1 .02 2 .04 1 .02
China-Burma-India ---------- 7,753 17.92 143 25.14 1,150 24.96 4,050 25.39 2,410 10.84
Southwest Pacific ------------ 48,632 28.45 3,9'23 58.51 5.778 2960 26,580 47.96 12.351 13.78
Pacific Ocean Area ..--------- 27,365 23.67 12 .08 11.931 40 42 14.200 35.98 1.222 3.76
North America --------------- 1 .01 1 .02 i) (1 ) () () ') ()

Latin America --------------- 203 .53 117 1.14 39 .32 33 .38 14 .19

Total overseas ------------- 84.059 S.60 4.20 8.18 18,981 12.15 44.878 12.82 16 000 3.86

Total Army ----------------. 84.094 3.46 4.200 1.38 18,993 2.82 44.S92 5.9S 16.0OM 2.25

STroops present in the area; no cases reported.

NOTE.-0.00 indicates a rate of less than 0.005 per annum.

SPECIFIC OUTBREAKS

Australia

In March, April, and May of 1942, an extension epidemic of dengue oc-
curred amoig U.S. Army troops stationed in Northern Territory and Queens-
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TABLE 4.-- Incidence rates for dengue in U.S. Army personnel in New uCaledonia and Espiritu
Santo, .front January to August, 1945 and 1944

[ Rate expressed as number of eases per annum per 1,000 average strength]

New Caledonia Espiritu Santo
Month

1943 1944 1943 1944

January_ %.. -1 1I 1
February- 65 15 441 1
March 186 120 1,095 0
April -- -.. 645 56 1,713 0
May .------------------------.. 317 16 1,531 0

June -.-------.---- 66 5 909 0
July ..... . .. . . ... - 30 1 245 0
August------------------------i 3 1 82 (

A less severe epidemic occurred at New Caledonia in 1943, as shown in

table 4. The wide distribution of breeding places for A. aegypt; and the
lack of preventive measures by the resident population contributed to the

persistence of the outbreak. The incidence of infection in military person-
nel would undoubtedly have been much higher if it had not been for intensive
mos(qufito control measures carried out by the base malaria control unit. An
epidemic was avoided, although cases developed during the 1944 rainy season.

Hawaiian Islands

In 1943, dengue appeared in Honolulu, T.H., in epidemic form for the
first time in over 30 years. The evidence suggested that the disease was
imported from Suva, Fiji Islands, where an epidemic was in progress. Two
commercial airline pilots were hospitalized with dengue in Honolulu early in
July 1943, shortly after arrival from Suva. One of the pilots was ill upon
arrival whereas the other did not develop symptoms for several days and
was not isolated by hospitalization until he had passed through the infectious
period.15 Three weeks later, two civilian cases appeared in the Waikiki
Beach area of Honolulu, and, 12 days later, two cases occurred in Army
personnel in the same section. 16 Measures were taken immediately to prevent
an explosive outbreak, consisting chiefly of an extensive program of mosquito
control. Also, proper screening of patients in hospitals and in homes was
made mandatory, and large areas of the City of Honolulu were placed off
limits to troops. Although 1,355 civilian cases were reported through 31 De-
cember 1943, only 56 cases occurred in military personnel.

'5 Gilbertson. W. E. : Sanitary Aspects of the Control of the 1943-1944 Epidemic of Dengue Fever
in Honolulu. Am. J. Pub. Health 35: 261-270. March 1945.

Ifl History of Preventive Medlcin,. United States Army Forces, Middle Pacific, pp. 231-21.'5. [Offi-
cial record.]
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In order to render effective neasures for control of mosquitoes in mili-
tarv areas, it was necessary to have adequate control in the surrouiding
civilian areas. Toward this end, the Army gave all possible assistance to
civilian agencies. A medical officer was attached to the territorial board of
health to make an epidemiological study of all new cases. Fifty enlisted
men were assigned to spray the buildings and to eliminate breeding places of
mosquitoes in homes where there were cases of dengue. Trucks, ladders, and
sp)raying equip)ment were made availabl,, for use by civilian agencies. In
September 1943. it became necessary to extend the program for mo.nquito
control to include the entire City of honolulu. The program was supervised
by the 1 .S. Public Health Service, and labor was provided by a medical
service c+i.Oraany. I Ionolulu was divided into 3 districts and subdivided into
77 inspectho zones, each of such size that one man could thoroughly cover

his zone every 10 days.
Aed~s mosquitoes were found breeding in all varieties of containers that

could hold water, such as tin cans, bottles, barrels, jars, flower vases and cups,
tanks, tubs, tires. storm drains, catch basins, unstocked fishponds, abandoned
cesspools, an(l cisterns. Breeding places were also encountered in water-
holding plants, such as spider lilies, pineapple lilies, and ape plants and in
rotted-out holes and crotches in poinciana, algarroba, haole koa and guava
trees, bamboo and banana stumps, and the larger water-holding pockets in
traveler's palms. Other unusual breeding places were in fallen paln fronds
and the holes of lava-formed rocks and pockets in emerged formations of
coral reef. It is striking that in over one million inspections, on only four
occasions were ground pools found to be breeding places for Aedes mosqui-
toes. Since both A. a.gypti and A. albopictus have short flight ranges (up
to 200 yards), it was only necessary to extend control operations to the
fringes of the inhabited areas.

The effectiveness of these measures is shown in table 5. It will be noted
that the breeding indices of Aedes mosquitoes were satisfactorily reduced. It

TABLE 5.-Breeding index of Aedes mosquitoes in Honolulu, T.H., from August 1943 to
August 1944

Year and month Index I Year and month Indexs

1943 194.4
August ------------------------ 5. 7 January --------------------- 1.0
September --------------------- 1.7 February -------- -- ---------- 1.9
October ------------------------ 1. 1 March -----------.------------- 3. 5
November ---------------------- .9 April --------------- ----------- 1.8

December ---------------------. . 2 May ---------------- ---------- 1.0

June ---------------------- - 1. 1
July -------------------------- .7
August --------------- -------- .8

I Percentage of premises inspected in which .ledes larvae were found.
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is interesting that the critical index or thresllold of iipl)ortance for dengue
was 3.0 or less, which is considerably lower than the value of 5.0 which is

generally accepted as the critical point for yellow fever.1 7

New Guinea and the Philippine Islands

From the onset of operations in New Guinea and adjacent islands, dengue
was an inm)ortant cause of noneffectiveness of troops.1 8 Table 6 shows the
case rates for the years 1944 and 1945; separate rates for this area are not
available for the year 1943. It will be noted that the incidence was highest
during January and February, which are the months of heavy rainfall. Dur'-
ing the first 6 nmonths of 1944, the case rates for dengue exceeded those for

TABLE 6.-Incidence of dengue in U.S. Army personnel in New Guinea and adjacent islands,
January 1944 to August 1945

[Rate expressed as number of cases per annum per 1,000 average strength]

Year and month Number of cases Rate

1944
January -----------.-------------------------.----------- 3,137 197.6
February ------------------------------------------------ 2,849 J64. 1
March ---------------------------------------------- 2,469 90. 6
April ---------------------------------------------------- 1,848 68. 0
May _-- 1,970 66. 1
June --------------------------------------------------- 2,756 61.2
July ---------------------------------------------------- 2,613 60. 1
kugust -------------------------------------------------- 1,571 33. 6

Sptem ber ---------------------------------------------- 1,828 30.5
October -------------- --------------------------------- 1,102 21.5
November ----------------------------------------------- 935 23. 5
December ----------------------------------------------- 1,001 23. 2

Total --------------------------------------------- 24, 079 54.2

19415
January ------------------------------------------------ 640 24.6
February ----------------------------------------------- 576 25.8
March -------------------------------------------------- 597 25.5
April --------------------------------------------------- 468 30. 5
May---------------------------------------------------- 353 27.3
June --------------------------------------------------- 208 15.3
July. ---------------------------------------------------- 48 G. 9
August ...------------------------------------------------ 222 9.2

Total- -------------------------------------------- 3, 112 21.5

"17 Soper, F. L., and Wilson, D. B. : Species Eradication; A Practical Goal of Species Reduction in
the Control of Mosquito-borne Disease. J. Nat. Malaria Soc. 1 (No. 1): 5-25, 1945.

is See footnote 7 (3), p. 52.
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during the rainy season in areas of dense population. However, in spite of
the presence of large numbers of noninimunes and the appearance of cases
throughout the Philippine Islands, no real epidemic outbreaks developed.
The case rates are shown in table 7.

TABLEt 7.-Incidence of dengue in U.S. Army personnel in the Philippine Islands, November

1944 to December 1945

[Rate expressed as number of cases per annum per 1.000 average strength]

Year and month Number of cases Rate

1944
November -.... - 652 39.8
December -----.------------------------------------- 1,360 49. 1

1945
Ja n uary _ . ---- ----. --. --. -------. --. -----... . ... 1,033 32. 1
February. 893 24. 8
March _ ---------------- 1,214 25.7
April--- --.------------- 857 19.9
May ---.--------------- -------- ------------------- 913 19.6
June ----- 839 13.4
July-------------------- ----------- 930 16.4
August 1,140 15.2
September -------------------------- 439 7.9
October -------------------------------------------------- 294 6.3
November ---------------------------------------------- 285 6.3
December ---------- ------------------------------------ 89 4. 1

Total for 1945 ------------------------------------- 8,926 15. 7

Total ..----------- _.-.-------------------------- 10,938 17.9

Effective mosquito control was achieved by attaching malaria units to
all forces operating in the Philippines. In addition to the usual control
measures which were carried out on an intensive scale, area spraying with
DDT (dichlorodiphenyltrichloroethane) from airplanes was carried out ex-
tensively over Manila (fig. 5) and other populated centers on Luzon Island
during the early months of 1945.21 The houses of natives adjacent to con-
centrations of troops were also sprayed with DDT.

It is of interest that reports from this area indicated considerable varia-
tion in the clinical picture. Thus, many cases showed only a single peak in
temperature, and in many instances the disease was quite mild. The difficul-
ties in diagnosis, particularly during the first few days of illness, were

21 Essential Technical Medical Data, U.S. Army Forcps in the Far East, for March and April 1945.
Inclosure 1:3, subject : 1)DT Spraying in luozon.
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of rubble resulting from the total destruction of villages and scattered dwell-
ings, a multitude of wells, cisterns, vats, troughs and rainwater-collection
facilities as well as an immense quantity of tins, shell cases, et cetera." The
difficulties encountered in controlling mosquitoes during and immediately
following the assault phase of a campaign are sufficiently great under ordi-
nary circumstances, but in this instance they l)roved to be insurmountable.
This is illustrated by counts made of the number of mosquitoes found biting
a single human during 10-minute periods. Thus, between 16 August and

10 Sel)tember 1944, counts made in the late afternoon near the vicinity of
towns or villages showed from 5 to 36 specimens of A. aegypti and from
2 to 16 specimens of A. albopictus as well as 1 to 7 specimens of other species.
Counts made at night showed as imany as 42 specimens of still other species.

Effective control of mosquitoes only became possible when a supply of
DI)T arrived on 3 Septemlber 1944. Area control was employed by spray-
ing 5 p)ercent D)DT and kerosene from airplanes. It was found that small
planes were inadequate and that it was necessary to use C-47's because of
the size of the area involved. Between 12 and 22 September, 8,600 gallons
of the mixture was sprayed over a total of approximately 15,000 acres, an
average of approximately two-tenths of a pound of DDT per acre. In
addition, DDT residual spray was used in all tents and living quarters of
hospitals. 23  This was accomplished with a truck-mounted power spray unit
for chemical decontamination provided by the Chemical Warfare Service.

The effectiveness of these measures is shown in table 8. The number of
new cases began to decrease significantly about 1 week after the aerial spray-
ing of DDT was started. After the first of October, the number of new
cases was less than 10 percent of the niumber which occurred at the height
of the epidemic. Although the preliminary summary reports show only 10,834
cases of dengue for the entire Pacific Ocean Area during August, September,
and October, 1944, it is reliably estimated that there were 20,000 cases on
Saipan alone.24 This discrepancy was probably due to a high percentage of
cases that were cared for in quarters and were not officially reported.

The effectiveness of these measures in controlling the mosquito popula-
tion was clearly demonstrated by observations on the "biting rate" per
minute. Thus, surveys made before and after spraying by airplane indicated
a decrease up to 98 percent. In addition, it was generally agreed by troops
that. there had been a tremendous reduction in the mosquito population.
This was further substantiated by surveys of breeding places of mosquitoes
made before and after DDT spraying. Finally, the effectiveness of these
measures is indicated by the marked decrease in new cases of dengue which
occurred before the end of the rainy season and at a time when susceptible
troops were still arriving on the island.

23 Letter, Deputy Surgeon, Headquarters, U.S. Army Forces, Pacific Ocean Areas. to Surgeon,
Pacific Ocean Areas, 30 Sept. 1944, subject: Measures Used for Control of Dengue Fever on Saipan.

24 Annual Report, Eighteenth Medical General Laboratory, Pacific Ocean Areas, 1944. Inclosure 5
thereto.

639243v-63-7
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TABLE 8.---Daily report of neuw cases of dengue at height of the epidemic in Saipan, 14 September
to 6 October 1944

Date Number Date Number

1944 1944/

September 14 ----------.------- 393 September 26 ------------------- 1i 62
15 ------------------- 426 27 ------------------- 87
16-294 28 ------------------- 79
17 ------------------- 306 29 ------------------- -71
18 ------------------- 289 30 ------------------- -44
19 ------------------ 275 October 1 ------------------ 36
20 ------------------ 230 2 - --------- 33
21 ------------------ 137 3 ------ -------- 27
22 ------------------ 137 4 ------------------ 28
2:3---------------------112 5 --------------------- 32
24 ------------------- 93 6 ------------------ .23
25 ------------------ 81

China-Burma-India

Although dengue was endemic in most of the China-Burma-India
theater, the majority of cases among U.S. troops occurred in the region of
Calcutta, India. The highest incidence appeared between July and October
with the peak varying according to the dates of the monsoon.25 During 1942,
1943, and 1944, the dengue rates were approximately the same; namely,
25 per 1,000 per annum. However, in 1945, the rate dropped to less than
half. Although the explanation for this is not entirely clear, it is felt that
the improvement was largely due to the work of malaria control detachments
whose measures were directed towards Aedes mosquitoes as well as the
Anopheles mosquitoes. In addition, antimosquito supplies and equipment
were more readily available in 1945 and individual protective measures were
better enforced (fig. 6).

One small but sharp outbreak of dengue which occurred in the China
theater illustrates the military importance of this disease as follows: During
September 1945, after V-J Day, an epidemic was reported in Hankow,
China, which was said to have affected F) percent of the population of the
city. When American forces occupied the airport, 40 of the first 48 men to
arrive contracted dengue within 5 to 10 days. 26  Because of this situation,
it was first recommended that operations from Hankow be suspended. Sub-
sequently, however, they were considered essential. Intensive measures for

25 Van Auken, H. A. : A History of Preventive Medicine in the United States Army Forces of the
India-Burma Theater, 1942 to 1945, p. 317. (Official record.1

"26 Essential Technical Medical Data, U.S. Forces, China Theater, for October 1945.
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and pro'ide a coinl)rehensive background for the military cases described
in different parts of the Pacific area. These were likewise of varying severity
and symptolnatology,' 2 9 and in some instances, because of lack of specific
laboratory tests, the diagnosis could be only denguelike fever 30 based on
sylni)tomatology and epidemiological considerations.

Characteristically, the onset of dengue was sudden, accompanied by fever
and sometimes by a chill. The fever was of two types-saddleback and
single phase. Patients were usually admitted to the hospital within a few
hours of onset of the disease, with a templerature ranging from 990 to 104' F.
which persisted for at least 2 or 3 days.31 Over half the patients then had a
remission in which both the fever and symptoms practically disappeared.
This remission lasted 1 or 2 days and was followed by a second rise in
temperature and return of symptoms. These, in turn, subsided rapidly on
the fifth to seventh day of illness. In patients who did not exhibit this
saddleback type of fever, symptoms and fever were largely the same but
persisted for several days, regressing gradually from the third to the eighth
day of illness.

Dizziness, prostration, and extreme weakness in the legs were frequent
presenting symptoms. Frontal or occipital headache, generalized aching
especially in the back and joints, and pain in and around the eyes developed
early. Anorexia, was common and was often accompanied by nausea and
sometinmes by vomiting. Occasionally, mild abdominal pain was noted.
Many patients complained of insomnia and restlessness, and these symptoms
frequenitly persisted into convalescence.

Flushing of the face and neck and scleral injection were common. Two
tlypes of rash were observed. One, an enanthem, appeared within the first
12 hours. if at all, and consisted of pinpoint-sized, discrete, glistening vesicles

on the posterior half of the soft palate. Star-shaped redness developed
beneath these within 24 hours. This rash was morbilliform; it faded during
the period of remission and did not recur with the second rise in tempera-
ture. The other type of rash was an exanthem (fig. 7). Seventy-nine per-
cent of the patients in one group had this rash on admission to hospital.
It could be mild (a few discrete, light pink, morbilliform spots on the sides
of the thorax, inner surfaces of the upper arms, and in the lumbar region)
or severe when it presented unbroken, erythematous areas covering the face
below the forehead, neck, shoulders, and thorax. The morbilliform charac-

2 (1) Diasio, J.S., and Richardson, F. M.: Clinical Observations on Dengue Fever; Report of
100 Cases. Mil. Surgeon 94: 365-369, June 1944. (2) Kisner, P., and Lisansky, E. T. : Analysis of

an Epidemic of Dr'ngue Fever. Ann. Int. Med. 20: 41-51, January 1944.
30 (1) Fairchild. L. M.: Dengue-Like Fever on the Isthmus of Panama. Am. J. Trop. Med. 25:

397-401, September 1945. (2) Johnson, J. A., Jr., Martin, W. B., and Breslow, L.: Dengue-Like
Fever on Okinawa. Bull. U.S. Army M. Dept. 5: 306-311, March 1946.

31 (1) See footnote 29, p. 72. (2) Cavanagh, J. R.: Dengue; Observations on the Disease as Seen
in the South Pacific Area. War Med. 4: 549-555, December 1943.
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ter became apparent at the edges of the confluent areas, notably the lower
half of the upper arm, upper part of the abdomen, and thoracic extensions
of the axillary spaces. This rash also faded during remission but recurred,
usually in less intense form, with recrudescence of fever. When it extended
to the palms of the hands and soles of the feet, it was frequently followed
by itching.

The incidence of adenopathy wias highly variable and, when present, it
most commonly involved the cervical nodes, 32 persisting through the second
phase of fever and subsiding gradually during convalescence. Bradycardia
was usually present and first appeared after the second day of illness, some-
times lasting into convalescence. Leukopenia was present early, with an
average reduction in number of white blood cells to 5,450 per cubic mil-
limeter. By the fifth day of illness, the average count numbered 3,500 cells
per cubic millimeter, with a relative lymphocytosis. Atypical lymphocytes
with vacuolated cytoplasm and coarse granular inclusions were commonly
seen. The symptoms and signs of disease in two groups of patients in the
U'.S. Army are recorded in table 9.

TABLE 9.-Physical signs and symptoms of 418 cases of dengue in two groups of
U.S. Army patients, 1944

Condition Australia South Pacific
(percent) (percent)

Physical signs:
Fever -------------------------------------------------- 100 97

Saddleback ------------------------------------------ 55 66
Single temperature rise ------------------------------- 45 30

Intermittent temperature rise --------------------------- 0 0
Afebrile --------------------------------------------- 0 3

Rash ----------------------------------- -------------- 79 37

Flushing of face (initial phase) ----------------------------- 33 26
Tongue coated -------------------------------------------- 53
Bradycardia (after 2d day) ------------------------------.-------- 97
Scleral injection ---------------------------------------- 89 26
Eyeball tenderness to pressure ---------------------------- ----45
Adenopathy -------------------------------------------- 100 17

Cervical --------------------------------------------- 94 193

Epitrochlear ------------------------------------------ 90
Ipguinal -------------------------------------------- 80

Laryngeal or oropharyngeal vascular congestion ------------ 17 11
Leukopenia -------------------------------------------.------------ 100

Red blood cell count ---------------------------------- Normal Normal
Febrile albuminuria ------------------------------------ 8

Symptoms:
Feverishness --------------------------------------- 100 97

Chills or chilliness -------------------------------------- 54 32

32 See footnote 29, p. 72.
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TABLE 9.-Phys*iC1 signDs and eyisaptoms of 418 cases of des•guc in two groups of
U.S. Army patients, 1944-Continued

Condition Australia South Pacific
(percent) (percent)

Symptoms-Continued
A ches and pains ..---- ----------------------- 99

H ead a ch e .. . . . .. .. . ..... .... . . . . .. . .... ... .. . . ... . .. 9 4 6 9
General aching -------- .- ------------------------------ - 75 35
Lumbar backache ------------------------------------ 89 43
Orbital pain ----------------------------------------- 74 25

Anorexia ------------------------------------------------- 85
Loss of taste ----------------------------------------- 55 ------------
Bitter taste ---.------------------------------------- 45 4

Weakness (early) ---------------------------------------- 29 14
Insomnia ------------------------------------------------ 53 6
Coryza (fleeting) ------------------------------------------ 24
Sore throat (mild) --------------------------------------- 12 3
Stiff neck ---------- ------------------------------------ --- 14.........
Dizziness and nausea ---------------------------------------- 29 -.....

Constipation -- --------------------------------------- 2 2
Pruritus ----------------------------------------------- 20 3
Photophobia ------------------------------------------.------------- - 5

Total number of patients ---------------------------- 100 318

1 Of those %ith adenopathy; 16 percent of the total group (318 caes).

Source: (1) Diasio, J. S., and Richardson, F. M.: Clinical Observations on Dengue Fever; Report of 100 Cases. MR.
Surgeon 94: 365-369, June 1944. (2) Kisner, P., and Lisansky, E. T.: Analysis of an Epidemic of Dengue Fever. Ann.
Int. Med. 20: 41-51, January 1944.

The disease ran its course in 6 to 10 days (average hospital stay 71/2 to
9 days) with complete recovery. In general, symptoms tended to abate with
the fever, but during convalescence some degree of neurasthenia manifested
by muscular weakness, lack of ambition, mental depression, insomnia, and
anorexia was almost invariable. These usually disappeared in 7 to 14 days,
but sometimes lasted much longer.3 3 Recurrences were rare and could prob-
ably be explained as re-infections.

Occasional complications of dengue were observed, including hemor-
rhagic nephritis, trismus of the jaw, arthritis of hip, suppuration of glands,
persistent bradycardia, and purpuric manifestations. 3 4  Urogenital com-
plications were also occasionally observed. Dull testicular pain and im-
potence were not infrequent during convalescence, and the latter was
attributed to generalized weakness.3 5 In one group of 141 patients, 8 men

33 (1) See footnotes 29, p. 72; and 31 (2), p. 72. (2) Hyman, A. S.: The Heart In Dengue; Some
Observations Made Among Navy and Marine Combat Units In the South Pacific. War Med. 4: 497-
501, November 1943.

3u See footnote 31 (2), p. 72.
35 Weyrauch, H. M.. and Gas., H.: Urogenital Complications of Dengue Fever. J. Urol. 55:

90-93. January 1946.
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(5.7 percent ) had late inivolveinient of Ihe urogenital tract, including orchitis,
with subsequent atrophy of the testis and repeated bloody seminal emis-
sions. Rare neurological complications following dengue were described by
Kaplan and Lindgren 3 who 'reported palsy of the facial, palatine, long
thoracic, ulnarr. peroneal, and sciatic nerves.

l)engue may be confused with rulnella because of the rash and because
of the type of cervical adenopathy observed. Other diseases frequently con-
sidered in differential diagnosis included scarlet fever, infectious mono-
iiucleosis, malaria, viral pIeumonia, inluetinza, and occasionally meningitis.
A knowledge of the epidemiology of dengue and its clinical course was
helpful in early diagnosis.

Sufficient. discrepancies in signs and symptoms existed in certain out-
breaks of denguelike fever to question the diagnosis. In 32 cases from
Pana1,, 37 the symptoms and course of the disease were similar to dengue
except that the typical rash was not seen, bradycardia did not occur, and
the incidence of lymphadenopathy was low. I)efinite diagnosis was inmpos-
sible because of lack of laboratory methods. Many of the patients observed
in Okinawa in 1945 likewise had most of the diagnostic signs of denigle.38

The clinical picture presented by these cases was remarkably uniform.
Specifically noted was the sudden onset, with chilly sensations, rapid rise
in temperature, headache, pain on movement of the eye, postorbital pain,
photophobia, generalized aching, periarticular soreness, conjunctivitis,
lymphadenopathy, bradycardia, and heinatological changes. However, it
"was pointed out that the short duration, relative infrequency of recrudescence
of fever and symptoms, and the absence of rash in these patients were against
the diagnosis or' dengue. Later, Sabin. 39 on the basis of failure to produce
dengue in four human volunteers inoculated with serum from five of these
patients, suggested that this outbreak may have been leptospiral meningitis.

The treatment of dengue was symptomatic. Codeine (Q,/ to I gr.) and
acetylsalicylic acid (10 gr.) usually sufficed for relief of pain'40 and pheno-
barbital (11/2 gr.) was employed for insomnia and restlessness. Morphine
was rarely required.

SCIENTIFIC INVESTIGATIONS

The military importance of d(engue became evident early in World
War II. As a result, the Commission on Neurotropic Virus Diseases, Army
Epidemiological Board (Board for the Investigation and Control of In-
fluenza an(d Other Epidemic Diseases in the Army), became interested in

36 Kaplan. A.. and Llndgreqn. A. . : Neurologic Complicationis Following Dengue. U.S. Nay. M.

Bull. 45: 506 510. September 1945.
37 See footnote 30 (1), p. 72.
. See footnote :10 (2). p. 72.
39 Sabln. A. B. : Researeh on lDengue During World War It. Am. J. Trop. Med. 1 : 30 50. Janti-

ary 1952.
40 See footnote 31 (2). p. 72.
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promoting research in this field with the specific objectives of producing
a protective vaccine and, if possible, of developing a specific diagnostic pro-
cedure. Neither of these was available before World War I1, for up to that
time the virus had not yet been definitely propagated in animals or in
tissue culture. Lt. Col. Albert B. Sabin, MC, was the central figure in the
series of studies which provided pertinent key information. Detailed reports
of his findings are available elsewhere. 4' The following summarizes those
finding'; especially pertinent to military medicine:

1. Proof of the existence of multiple immunological types. Seven strains
of dengue virus were isolated from patients who contracted their illness in
Hawaii, New Guinea, and India. Serum obtained during the first 48 hours
of the disease was shipped to the United States under refrigeration and
inoculated into volunteers who had never resided in areas where dengue is
endemic. Subsequently, studies of transmission by mosquitoes were con-
ducted with A. aegypt. The existence of separate strains was demonstrated
both by studies of cross-immunity and through virus neutralization tests
using immune serum. At least two immunologically distinct types of virus
were identified. It was shown that the Hawaiian strain, one of the four
New Guinea strains, and the two Indian strains were identical. Thus, two
separate strains were detected in New Guinea.

2. The long persistence of immunity to homologous types of virus. It
was found that homologous immunity persisted for at least 18 months under
conditions which precluded reinforcement of immunity by subclinical rein-
fection. leterologous immunity was observed but persisted for only about
2 months.

2. The modifications of the clinical manifestations of the disease which
result from reinfection with a heterologous type of virus at various periods
after the primary attack. It. was shown that a superimposed heterologous
infection produced marked variations in the course of the disease depending
upon the time which lapsed from the primary infection. A short febrile
illness of 2 days' duration with or without rash, lymphadenopathy, or other
characteristic manifestations occurred under these circumstances. In these
experimental cases, the virus, recovered from the blood showed conclusively
that the observed disease actually was dengue. This knowledge readily
explained the many cases reported of the transitory acute illnesses which
could not be specifically identified, particularly from New Guinea. This
explanation is confirmed further by the fact that two of the New Guinea
samples of serum from individuals with this type of illness produced the

41 (1) See footnotes 2, lo. 50: and 39, p. 76. (2) Sabin, A. B., and Schlesinger. R. W.: Experi-
mental Studies on Hluman and Mouse Adapted IDengne Virus. Paper presented at joint meeting of
American Society for Experimental Pathology and Anmerican Association of Immunologists, Atlantic
City, N.J.. 13 Mar. 1946. (3) Letter. Maj. Albert B. Sabin, MC. to Preventive Medicine Service, OCice
of the Surgeon oe,..ral. :3 Aug. 1944. subject: Isolation of Several Strains of Dengue Virus From
Serum of Patients With Various Types of Fevers in New Guinea. (4) Sabin, A. B., and Schlesinger,
R. W. : Production of Immunity to Dengiie With Virus Mlodifled by Propagation in Mice. Science 101
640 642. 22 June 1945.
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clas•sical picture of dengue when inoculated into nonimmune volunteers in
the United States.

4. The demonstration that type-specifh iMimunity to dengue is asso-
ciated with neutralizing antibodies for the virus. It was shown that the
demonstration of neutralizing antibodies can be employed for diagnostic and
epidemiological survey purposes. iey shioui prove to be of great value
in the future.

r. The propagation of dengue virus in mice. Sabin finally succeeded in
propagatting the virus in mice. In the course of a number of passages, the
virus underwent a mutation since it lost its capacity to produce severe ill-
ness in man but retained its capacity to produce a rash. A mousebrain
extract of this modified virus was found to afford complete protection against
the naturally acquired disease. A single mousebrain was shown to contain
at least 10M0OW imunuizing doses which led to the preparation of an effec-
tive lyophilized vaccine. Viifortunatelv, large-scale field trials were not
undertakeii because the opportunities for testinig the vaccine ceased with
the ending of the war.

6. Investigrationis of del)gule, conducted by Colonel Sabin in Panama,
showed ,learly that dengue has occurred there since 1941 and suggested that
the interior of Panama may be an endemic focus of the disease.

In coniclisioll. it should be pointed out that the history of dengue dur-
ing World War II reflects great credit on the V.S. Army Medical Depart-
ment. Like sonie other virus diseases, dengue was promoted to the category
of an illness diagnosable by laboratory means and preventable.



CHAPTER IV

Neurotropic Virus Diseases

John I!. Paul, M.D.

The group of diseases designated as neurotropic virus diseases in this
chapter has been selected, for practical reasons, on a somewhat arbitrary
basis. They include acute infections with the viruses that cause the arthro-
podborne virus encephalitides: poliomyelitis, rabies, and lymphocytic chorio-
meningitis. It is with some aspects of the clinical and epidemiological story
of these virus infections, as they occurred in military personnel in World
War II, that this chapter is concerned.

Numerically speaking, the recognized military cases of neurotropic virus
infections have been insignificant, but from other standpoints these diseas&_
have proved to be of some military importance. In the first place, any
virus disease that attacks the central nervous system easily acquires a bad
reputation. Furthermore, as a group, the mortality is apt to be high and
the stigma of injured brain function accompanies them. In the case of
poliomyelitis, not only does this disease carry a more serious prognosis
when it occurs ir young adults (of military age) than in children, but when
a permanent Army post is involved, this disease presents a threat to de-
pendents who may happen to be living within the epidemic area. And
finally, as far as the arthropodborne virus encephalitides are concerned, any
mosquitoborne disease is of military significance.

Early in World War II, the Medical Department of the U.S. Army rec-
ognized that this relatively new group of diseases might pose a number of
problems, and to forestall them, Circular Letter No. 74 was issued on this
subject by the Surgeon General's Office on 19 March 1943. This circular was
followed by War Department Technical Bulletin (TB MED) 212, issued
16 January 1946. The bulletin reviewed information bearing on the com-
mon neurotropic virus diseases of man, including classification and diag-
nostic features. In addition, the bulletin described the circumstances under
which the then available diagnostic procedures could be profitably utilized.

THE ARTHROPODBORNE VIRJS ENCEPHALITIDES

The arthropodborne virus diseases comprise a group whose membership
has expanded greatly since the war, but even in 1941 the recognized mem-
bers were eastern and western types of equine encephalomyelitis, St. Louis
encephalitis, Japanese B encephalitis, and Venezuelan encephalitis. Others
of less importance to IT.S. Forces included Russian spring-summer encepha-
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lit is ( andu other types from Russia and Siberia ) some tNypes from A frica,
aZiII loulping ill fronm Eniglanid. These wvinllot ibe -oiisidlertd here.

,rthe number of mmilitarYvcases of this group) of disekases which occurred
ill World War. ItI turnedl out to be few indeed. but besidles the reasons already
given that these few cases deserve attention hiere Is t hat research Initiated
and proimoted by tilet Preventive Mledicinle D ivision, O)ffice of the Surg'eon
G( meral, .11d thle Army Epidemiological Board jHoard for tile Invest igationl
amd (Coutrol of Iniflueniza amnd O t her Epidemic D iseases inl the Armyi i), conl-

trihuted materially to the addit ion of knowledge aboult thes-e implort ant in-
fect ions (luring World War 11.

Military History Prior to World War 11

In view of thle fact that 11o imemiber of this gr-oup of ar-thlrolx)(lIwine
viruis eilceeplialit ides hadI been dliscoveredl. nor hmad the dliseases which they
caulse b~eenl recogrnizedl as stiedl prior to the 1930's. there is nothinig abouti
them in the mnedical history of World War 1; nor had there beent in the
post-World War I period any experience by the Armed Forces with these
agrents or with the (diseases they cause. If cases of this group of illnesses
hadl occutrred andl at tractedl attencttion in 1917j-18. thley would probabl y have
I been 1listedl undier thle miiiscel laneouis group) of "encephialitis, type undeter-
11iined" or perhaps as -ep~idem~ic encephalitis." D)uring the last year of
World War I and the years immediately following, t'-.e type of encephalitis
most frequeiily encountered in1 military pop~ulations was enlcephalitis lethar-

Ec oth erwise known as Von Econonio*s disease. The records fronm World
WVar I show SO admissions, and at least 79 secondary cases of encephalitis,
reported for the period from I April 1917 to :11 D)ecemnber 1919 inl thle total
V.S. Army of approximately 4 miillion.' In this group, 274 deathis occurred,
giving It caIse fatality ratio of ablout 17 percent. The chtances that a large

petr(&'ilt age of these cases were examplles of encephalitis lethlargmica aregod
H owever. as filie e~tiological agent of that (disease was ntever establhishmed. one
('lhiot sp)eak wit hi any1 confidence that it was actually a viruis (lisease an~d
therefore dleserves d1iscussion here. Fu rthermnore and fort unately. the inci-
deiice of encep~halitis lethargica began to dlecline in the midtwenities. both in
the 1 niiteol States and hii Europe. BY 1930, to all intenits andl purposes,
classical cases of this dlisease had (disappearedl. so for the pre~sen~t at least, we
nieed not p~mursue thle discuissioni about it further. except to point out that
other niew typ~es of encephalitis were soon to supplant Von Economno s disease.

It was during the 19 30's that thle art hropodblorne viruis encephialitides
cainle under scrutinyv, the first recognition of any member of the group being
that of the virus of western equinie encephialonimvehitis. isolated with some
(litlichilt , . from a sick htorse in California in 1931 bv D)r. Karl F. Mtever of the
University of California. San F~rancisco. Later. I~r. Carl TenBroeck. of the

I T~he Alpiical IDeimIrtflis-it of the Unlited Stiutem A rmy in the w~orld Wanr. Wambiinigton:Goen
menit Printing Offioe. 1925). vol. XV. ptt. 2. ppi. 90) 1 :18. i
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Rockefeller Institute of Medical Research at Princeton, N.J.. found that
strains of the equine encephalomyelitis viruses could be. separated into eastern
and western tylpes. The "disease" for which these viruses were responsible
was regarded at that time primarily, if not entirely, as one of horses. A
manifest interest by the Army in this matter accompanied the report in 1934
by 1t. ('ol. (later Brig. (Gen.) Raymond A. Kelser, VC, that these viruses
could be transmitted from horse to horse by certain species of mosquitoes.

A second chapter in the story was written when it was found that this
type of illness affected man. In 1933, a severe outbreak of human encephalitis
occurred in and about the city of St. Louis, Mo. More than 1,000 human
cases were reported with about an 18 percent mortality. The virus of St. Louis
encephalitis was isolated in this epidemic more or less coincidentally by Drs.
Ralph S. Muckenfuss and L. T. Webster. Although sick horses received little
notice during this epidemic, some of the investigators, including Maj. (later
Brig. Gen.) James S. Simmons, MC, thought that St. Louis encephalitis
might be related to one of the equine encephalitides and attempted to infect
horses with the St. Louis virus. The assumption was correct, and the failure
to substantiate it experimentally at that time might have been due to the fact
that the horses used were from the St. Louis area and they could well have
been immune to the disease.

It was also at about this time (1933-34) that U.S. investigators began
seriously to compare the St. Louis epidemic with the existing situation in
Japan where endemic encephalitis had appeared in parts of the home islands
almost every summer since 1871. In 1924, there had been a particularly bad
epidemic, and clinical studies had made it possible for the Japanese to distin-
guish their diseases from epidemic encephalitis of the so-called A type (Von
Economo's disease). For this reason. Japanese epidemic encephalitis has
been termed type B encel)halitis. The el)idemIhc of i924 had spread through
a wide area resulting in a heavy mortality among 6,000 reported cases.
During the period from 1924 to 1937, outbreaks occurred almost every summer
in Japan, resulting in a total of some 21,000 reported cases for that period
with the heaviest concentration of cases occurring in the region of the Inland
Sea. Similar recurrent appearances of summer or autumn encephalitis were
known to have been reported from the Ryukyu Islands, as well as from
Formosa, Manchuria, and the far eastern maritime districts of Soviet Russia.

Opinion in Japan was divided as to the means of spread, and by 1938. al-
though one group had suspected that it was mosquitoborne, the balance of
Japanese medical opinion held to the view that it was spread from the res-
piratory tract.

By 1938-39, relations betiveen Japanese medical science and that of the
United States could hardly be described as close and shortly thereafter ceased
altogether. Consequently, the up-to-date story on current Japanese views as

to how their type of encephalitis was transmitted and just where this disease
could be expected to appear was not readily available to medical intelligence
officers during the war years.
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The next development in this story took place iM the United States in
1938. with tie appearance in Massachusetts, Rhode Island. and Connecticut
of a less extensive outbreak of acute encephalitis involving both man and
horses. 'Tihe causative virus was identified as eastern equine encel)halonmyelit is
virus. It also became apparent that here was a group of diseases that not
only infected both man and horses, but peralps other animals. More or less
coincidewtally, the discovery in 1937 of the spring-summer type of encepha-
litis in the forested. far eastern regions of the U.S.S.R. and the demonstration
that it was caused by a new virus which was tickborne. all indicated the exist-
ence of a large group of related agents extremely widespread geographically
and with a variegated group of insects (arthropods) as vectors and several
mammalian hosts. To this group were soon added other stra'ins of virus from
South America (notably Venezuelan encephalitis). amid subsequently several
from Africa.

Early in the 1940"s. information about these diseases was accumnumlatinig
at a rather rapid rate. although much of it was still theory. Birds had been
found to be infected, which made the epidemiological picture still more com-
plicated. Eventually. the epidemiology of some of this group of diseases. as
they occurred in the United States, was worked out largely through the efforts
of lDr. William McD. Hammon at the University of California, San Francisco.
From his work, the concept gradually emerged that, in this country at least.
this group of infections. many of which were inapparent, was primarily one
of birds and that the severe infections in man, horses, and other animals were
what might be called casual, though spectacular, accidents. Apparently, the
avian infection could be very widespread numerically but was mild, causing
little more than a viremia in certain members of the avian family. It was
transmitted to various species of both birds and mammals usually through
the agency of COdex. mosquitoes.

Thifs then was the background in 1941 with regard to the "new" neuro-
tropic virus infections with which the U.S. Army might be confronted if it
should engage in global combat. The threat was appreciable in that any mos-
quitol)orne disease recalled the destructive effect which malaria, yellow fever.
or dengue had had upon troops in the field in the past. In addition. a numn-
ber of potential theaters of war, such as ,Jap)an. Manchuria. and elsewhere.
were listed as endemic or epidemic areas and might possibly turn out to be
hotbeds of infection by one of the worst members of the group. Japanese B
encephalitis. These potentialities were further emphasized by an epidemic of
western equine encel)halomyelitis which swept over a large section of Western
Canada and many areas in the Western United States. including the Dakotas,
Montana, and Colorado in the summer of 1941. Thousands of civilian cases
occurred, although the number of U.S. Army l)ersonnel involved in this epi-
demic was insignificant. However. in Canada where it was estimated that
there were more than 5,000 cases. mostly in Saskatchewan and Manitoba. the
epidemic had also involved certain training areas where Canadian troops were
stationed. and during the summer of 1941. a number of cases occurred in the
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Canadian Army. 2  It hardly could be questioned in the autumn of 1941 that
here was a new disease of potential military importance to U.S. troops.

Diagnosis.-It is important to mention here that not only in 1917-18 but
in the subsequent 25 years the clinical diagnosis of encephalitis proved to be
a loose one indeed, covering a number of different entities. In another vol-
time in the history of the Medical Department in World War II, Sabin
states: 3

Clinical records from civilian as well as military medical practice indicate that the
diagnosis of encephalitis is commonly made whenever clinical manifestations suggestive
of cerebral disturbance (ranging from mild lethargy to coma, from slight delirium to
complete disorientation, from restlessness to convulsions) are associated with an other-
wise undiagnosable febrile illness. The diagnosis is not infrequently made when the syn-
drome of aseptic meningitis is associated with what may be interpreted as lethargy or
unusual restlessness. It is made not only when the cerebral distuibance is associated
with pleocytosis. but also in its absence, and indeed not infrequently when toxic enceph-
alopathy is associated with certain bacterial infections.

In the period 1941-46. and subsequently, the exact method of making a
diagnosis of this group of virus diseases was by immunological and virologi-
cal tests. Some of these became available during and immediately prior to
World War II. However, the utilization of these tests, which included neui-
tralization or complement fixation tests on matched specimens of sera. was
more or less in its infancy and hardly more than half a dozen laboratories in
the U nited States capable of carrying them out. 4

Experience During World War II

Most, although not all, of the apprehension about arthropodborne virus
encephalitides proved to be unnecessary, for when the Second World War was
over the incidence of these infections in military personnel turned out to be
small. There were no large wartime epidemics in the United States involving
the civilian population compared to those at St. Louis in 1933 and in the
Northwest in 1941.

The final experience in World War II with these diseases both as to
num)er of recognized cases, incidence rates, and deaths ascribed to encepha-
litis is listed in tables 10 and 11. It is clear that the figures suffer somewhat
fronm the inaccuracies of diagnoses which are apt to beset all figures on the
incidence of the encephalitides, infectious or otherwise. As just mentioned,
Sabin has pointed out that the clinical diagnosis of any kind of encephalitis

"2 Report. Commission on Neurotropic Virus Diseases, Board for the Investigation and Control of

Influenza and Other Epidemic Diseases in the Army, 1 Dec. 1941-1 May 1942.
": Sabin. Albert B. : Encephalitis. In Medical Department, United States Army. Preventive Medi-

cine in World War 11. Volume VII. Communicable Diseases: Arthropodborne Diseases Other Than
Malaria. [In preparation.]

4 Better known laboratories readily available to the Medical Department of the U.S. Army for the
diagnostic purpose of these diseases, in 1941-45. ineiuded that of the Army Medical School, Washing-
ton. D.C., the G. W. Hooper Foundation of the University of California in San Francisco, the Rocke-
feller Institute for Medical Research in New York City (both of which facilities were made available
through the Commission on Neurotropic Virus Diseases of the Army Epidemiological Board), and a
few other laboratories, also connected with the Army through that Board.



84 INFECTIOUS DISEASES

without the assistance of serological tests is notoriously difficult. IIn view of the
fact that such immunological tests were not available ill many of the cases
occurring in military personnel during wartime, the data in tables 10 and 11
must be regarded as being approximate rather than definitive. It should be
noted, however, that the rates for infectious encephalitis were higher in 1944
and 1945 in the Pacific than in Europe. This is what should have been ex-
pected because, except for the presence of tickborne lhussian sprilig-sulilmner
encel)halitis in Czechoslovakia and in eastern Austria, the arthropodborne
encephalitides as they are now known to occur in man are almost entirely
absent from Europe.

TABLE 1O.-Admissions for encephalitis in the U.S. Army, by diagnosis, selected area, and
year, 1942-45

[Preliminary data based on sample tabulations of individual medical records]
[Rate expressed as number of admissions per annum per 1,000 average strength]

1942-45 1942 1943 1944 1945

Number Rate Number Rate Number Rate Number Rate Number Rate

Infectious encephalitis: I
Continental United States ---------- 187 0.01 44 0.02 65 0.01 43 0.01 35 0.01

Overseas:
Europe-------------------------- (72) 0.02 (1) 0.01 (6) 0.02 (20) 0.01 (45) 0.02
Pacific-------------------------(107) .03 (1) .00 (5) .01 (41) .04 (60) .04

Total overseas------------------ 247 0 02 4 0.01 14 0.01 94 C.02 135 0.03

Total Army --------------------- 434 0.02 48 0.01 79 0.01 137 0.02 170 0.02

Postvaccinal encephalitis: 2
Continental United States ----------- (3) (3) (3) 3) (3) (3) 1 0.00 --------- 0.00

Overseas:
Europe ------------------------ (3) (3) (3) (3) (3) (3) ......... 0 ---------- 0.00
Pacific ---------------------------- (3) (3) (3) (3) (3) (3) (6) .01 (5) .00

Total overseas ------------------- (3) (3) (3) (3) (3) (3) 6 0.00 10 0.00

Tetal Army -------------------- (3) (3) (3) (3) (3) (3) 7 0.00 10 0.00

Encephalitis. other and undeter-
mined: 4

Continental United States ---------- 953 0.06 272 0.10 355 0.07 21 0.05 115 0.04

Overseas:
Europe ---------------------------- (89) 0.02 (9) 0.11 (10) 0.04 (20) 0.01 (50) 0.02
Pacific ---------------------------- (138) .04 (7) .03 (17) .04 (19) .02 (95) .07

Total overseas ------------------ 394 0.04 26 0.04 101 0.06 97 0.03 170 0.04

Total.Ary-------------------- 1.47 0.05 298 0.09 456 0.07 308 0.04 285 0.04

I Includes infectious encephalomyelitis and Japanese B type encephalitis as well as other types of infectious enceph-
alitis. Excludes lymphocytic choriomeningitls.

2 Includes postvaccinal encephalomyelitis.
3 Data are not available.
4 Includes encephalomyclitis, other and undetermined. Excludes lymphocytic choriomeningltis.

No'rM.-Figures in parentheses are subtotals.
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TABLE I 1.-Deaths due to encephalitis in the U.S. Army, by diagnosis, selected area of admis-
sion, and year of death, 1942-45

[Preliminary data based on tabulations of individual medical records]
[Rate expressed as number of death4o per annum per 100,000 average strength]

1942-45 1942 1943 1944 1945Diagnosis and area

Number Ratet Number Rate Number, Rate Number Rate Number Rate

Infectious encephalitis: '
Continental United States ---------- 9 0.06 2 0.08 2 0.04 3 0.08 2 0.07

Overseas:
Europe ---------------------------- (4) 0.09 ---..... 0 --------- 0 (1) 0.06 (3) 0.13
Pacific -------------.------------- (3) .10 ------- 0 --------- 0 (2) .20 (1) .07

Totaf.)verseas --.---------- - - 12 0.11 1 0.17 --------- 10 6 0.16 5 0.11

Total Army --------------------- 21 I0.08 3 0. 0i 2 0.031 9 0.12 7 0.09

Postvaccinal encephalitis: S ,
Total Army --------------------- (3) (3) (3) .(L) (3) () ---------- 0 ---------- 0

Encephalitis, other and undetermined: 4
Continental United States ----------- 57 0.39 7 0.26 20 0.39 23 0.58 7 0.24

Overseas:
Europe --------------------------- (15) 0.34 --------- 0 (1) 0.37 (4) 0.24 (10) 0.42
Pacific ---------------------------- (19) .61 (2) .90 (1) .21 (3) .31 (13) .92

Total overseas ------------------- 55 0.51 2 0.34 1 0. 65 15 0.39 27 0.58

Total Army----..---------------- 112 0.44 9 0.28 31 0.45 38 0.49 34 0.45

'Includes infectious encephalomyelitis and Japanese B type encephalitis as well as other types of infectious enceph-
alitis. Excludes lymphocytic choriomeningitis.

2 Includes postvaccinal encephalomyelitis.
3 Data are not available.
4 Includes encephalomyelitis, other and undetermined. Excludes lymphocytic choriomeningitis.

NOTE.-Figures in parentheses are subtotals.

No sizable epidemic due to one of the known encephalitic viruses was
ever recorded in U.S. Forces stationed within the United States during the
period 1942-45. However, a possible outbreak, of which the agent was never
identified, occurred during the summer of 1941, when 12 mild cases of en-
cephalitis developed in a force of unknown size maneuvering near Sabinal,
Tex.- Sporadic cases of proved arthropodborne virus encephalitides occurred
in western training areas during 1942-45, but the incidence never reached
anything comparable to that experienced by the Canadian troops in Manitoba
in 1941. Clinical descriptions of these sporadic cases in U.S. troops appar-
ently did not differ from the usual textbook descriptions, and no unusual find-
ings are known to the author.

Outside the confines of the United States, a single case due to one of the
exotic South American types of the neurotropic viruses was recorded of a

5 Woodland, J. C., and Smith, E. M.: Acute Encephalitis; Mild Epidemic Observed at Station
Hospital, Fort Sam Houston, Texas. J.A.M.A. 120: 358-361, 3 Oct. 1942.
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U.S. Navy seaman in Trinidad in 1943. It proved to be due to the virus of
Venezuelan equine encephalitis.6

By far the most important group of cases, however, which occurred
during the Second World War took place inl an oversea theater. This was the
small but important outbreak identified as Japanese B encephalitis which
involved both natives and troops on the island of Okinawa in the summer
of 1945.

In the spring of 1945 and at the time of the occupation of islands north
and northwest of Guam, the Medical Department recognized that U.S. troops
were entering territory where Japanese B encephalitis might be endemic. For
this reason, knowledge of the disease was summarized for use by medical
officers in War Department Technical Bulletin (TB MED) 181, July 1945.
Japanese B encephalitis had been previously reported as recurring not only
in Japan proper but in the Ryukyu Islands, Formosa, Korea, eastern China,
in certain of the far eastern maritime districts of the U.S.S.R., and in Man-
churia. However, it was uncertain whether the Japanese B virus was the
sole etiological agent of encephalitis within all these areas.

The epidemic occurred during a combat period on the island of Okinawa
and has been well described by Sabin,7 so that his account need not be re-
peated here. It may suffice to say that the occupation of Okinawa, repre-
senting, as it did, a very strategic area, had been achieved in April 1945, and
during the entire spring and early summer months, fighting continued spo-
radically on the island. Encephalitis first appeared among the native popu-
lation early in July. The first native patients with severe encephalitis ob-
served by American medical officers in the Ryukyus were seen by Lt. L. M.
Miller, MC, USNR (of the local military government) on 8 July 1945 on
Heanza Shima, a small island about 2 miles east of Okinawa. During the
following 3 months, 127 patients were seen by military government medical
facilities on the two islands; 66 of the 91 patients found on Okinawa were
admitted to the isolation hospital for observation and treatment. The etio-
logical agent of the disease was first established by the results of complement
fixation and neutralization tests and by recovery of the virus from a fatal case.

Two groups of workers participated in these identifications. The civilian
cases were first identified by Hodes, Thomas, and Peck," of the Naval Medical
Research Unit No. 2, then established on the island of Guam, and subsequently,
military cases were identified by Lt. Col. Albert B. Sabin, MC,9 member of
the Commission on Neurotropic Virus Diseases, Army Epidemiological Board.
This achievement by American medical officers in recognizing clinically and,

6 Randall, R., and Mills, J. W. : Fatal Encephalitis In Man Due To Venezuelan Virus of Equine
Encephalomyelitis in Trinidad. Science 99: 225-226, 17 Mar. 1944.

7 (1) Sabin, A. B. : Epidemic Encephalitis in Military Personnel; Isolation of Japanese B Virus
on Okinawa in 1945; Serologic Diagnosis, Clinical Manifestations, Epidemiologic Aspects and Use of
Mouse Brain Vaccine. J.A.M.A. 133: 281-293, 1 Feb. 1947. (2) See footnote 3, p. 83.

8 Hodes, H. L., Thomas, L., and Peck, J. L.: Cause of an Outbreak of Encephalitis Established by
Means of Complement-Fixation Tests. Proc. Soc. Exper. Biol. & Med. 60: 220-225. November 1945.

9 Sabin, A. B. : Outbreak of Encephalitis on Okinawa in 1945: Preliminary Report on Status as
of August 27, 1945. J. MR. Med. in Pacific 1: 79-84, November 1945.
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subsequently, in identifying the etiology of Japanese B encephalitis was ac-
complished under arduous combat conditions and was indeed a noteworthy
event, both in military medicine and in the history of this disease in general.
At the time the disease was discovered, the island was the most important
advanced base in the Pacific area. Large forces of U.S. troops were already
assembled for the projected invasion of the home islands of Japan scheduled
for the autumn. It was reasonable to assume that these troops were and
would be susceptible to neurotropic virus disease to which they had never
been previously exposed. and the danger of an epidemic was therefore a mat-
ter of great concern to the Medical Departments of the Army and the Navy.
The news of the epidemic of "a dread Japanese brain disease" on Okinawa
had also spread among the troops with demoralizing effect.

It is hard today to appreciate the difficulties which confronted medical
officers at that time, but the story of these difficulties has been well documented
by Lt. Col. William I). Tigertt, MC. and Dr. Hammon.' 0 They pointed out
that in 1945, available information about the presence of the disease on Oki-
nawa was meager. Although Japanese B encephalitis had been stated to
occur on Okinawa, the figures were difficult to assess since cases of epidemic
cerebrospinal meningitis, encephalitis lethargica, and malaria with cerebral
symptoms were also reported, usually with the diagnosis made on clinical
grounds. Furthermore, relatively few Japanese physicians had practiced on
the island of Okinawa before World War II. and public health reports were
fragmentary and incomplete there. Only later did it become known that
Iimura had reported 68 cases of Japanese B encephalitis on Okinawa in 1933
(cited by Tigertt and Iamnmon) and that, in 1937, Takagi and others (cited
by Tigertt and Hammon) had shown that most of the human sera collected
on Okinawa contained neutralizing antibodies.

Mosher 11 has described how the situation was handled on Okinawa in
July and August 1945. The investigation of encephalitis was assigned to the
Military Government Research Center, and on 18 July 1945, an isolation hos-
pital for the study of the disease was opened at Gimbaru. By direction of
the commandant of the U.S. Military Government, all native patients with
cerebrospinal symptoms suggestive of encephalitis were referred to the re-
search center from all parts of the island by field dispensaries, hospitals, and
other medical units established to care for the natives. Dispensary personnel
were instructed in the recognition of the disease, and in some areas native police
assisted in finding the sick. A visiting nurse program was instituted by some
of the dispensaries. While these nurses were largely untrained volunteers,
they facilitated in some degree in case finding and in referral of cases to the
hospitals. Between early July and October, a total of 91 natives of Okinawa

1o Tigertt, W. D., and Hammon, W. McD.: Japanese B Encephalitis: A Complete Review of
Experience on Okinawa, 1945--1949. Am. J. Trop. Med. 30: 689-722, September 1950.

ii Mosher, W. E., Jr. : Japanese "B" Encephalitis; Epidemiologlcal Report of the 194. Outbreak
on Okinawa. U.S. Nay. M. Bull. 47: 586-593, July-August 1947.
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were diagniosed as having encel)halitis, the mnorbidity being 2.S per 10.000,
as compared with 44.7 for the Ileanza-Hainahika Islands.

Among U'.S. military pelrlsonnel, between July and mid-September. 38
military patients exhibited a variety of clinical manifestations and were inves-
tigated by serological methods for the diagnosis of Japanese It encephalitis.
Of these., only 11 yielded unequivocal evidence of the specific infection. Two
of Ihe eleven died, and autopsy revealed cerebral lesions compatible with the
diagnosis of viral encephalitis. It is highly probable that more than 11 cases
occurred.

In a report of the outbreak by Lewis and his associates,12 which repre-
sents perhaps the first extensive clinical description of Japanese encephalitis
made by U.S. physicians. the symlptonmatology of the disease was described
as it occurred among Okinawan nativ-es. The clinical features of the cases
in U.S. military personnel, as observed both on Okinawa, and subsequently
in Korea, have been well documented in War Department Technical Bulletin
(TB1 ME)) lS on Japanese B encephalitis, issued on 6 April 1947.

Although the clinical features of Japanese B encephalitis do not seem
to differ materially from those of St. Louis encephalitis and western equine
encel)halomvelitis, which were already in 1945 well described in U.S. text-
books of medicine, it may be worthwhile to mention something here of the
clinical picture of Japanese encephalitis as it appeared on Okinawa. Most
important for diagnostic purposes was the appearance of the following
signs during the course of an acute febrile illness: Mental confusion, dis-
orientation, purposeless movements, speech disturbances, and complete apha-
sia. Varying degrees of lethargy might be plresent ranging from abnormal
somnolence to complete coma in patients who also exhibited high fever
and nuclhal and spinal rigidity. As a rule, there was a period of 2 or 3
(lays before the appearance of any signs suggesting involvement of the
nervous system. During this time, headache and low-grade fever were the
only symptoms. Generalized convulsions of the grand real or petit mal type
were occasionally the first signs of involvement of the nervous system, with
stiffness of the neck and back, and other signs already mentioned, coming
later. Flaccid paralysis, suggesting involvement of large numbers of lower
motor neurons in the spinal cord or medulla, was not seen. Localized spastic
paralysis was seen only once among 15 patients, although generalized rigidity
was present in the more severe cases. Dissociated eye movements were seen
in only one patient. and diplopia did not occur. Pupils were usually con-
tracted and reacted poorly to light: a sticky exudate was not infrequently
seen about the eyes. The reflexes were variable and by themselves of little
aid in differential diagnosis. The abdominal reflexes were usually absent
while the tendon reflexes were most exaggerated: only occasionally did they
become diminished or absent. Babinski's sign was rarely elicited.

12 Lewis, L., Taylor, H. G., Sorem, M. B., Norcross, J. W., and Kindavatter, V. H. : Japanese B
Encephalitis; Clinical Observations In an Outbreak on Okinawa-shima. Arch. Neurol. & Psyeblat. 57:
430-463, April 1947.
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As a rule, the fever lasted from 7 to 11 days. It was high after the
appearance of nervous signs and frequently remittent, although it is un-
certain to what extent the administration of antipyretics may have affected
the temperature curve. A relative bradycardia was invariably present dur-
ing the febrile phase with a pulse rate of about 50 to 60 being common after
defervescence. In fatal cases, death due to encephalitis occurred within the
first 2 weeks and, as a rule, during the first 7 days after onset.

Convalescence was slow. Lethargy and incoordination, tremors and
nervousness, and occasionally distinct personality changes persisted for some
weeks after defervescence. Subsequently, it became apparent from observa-
tions by Japanese physicians aind by neurological consultants from the
United States that residual symptoms from this disease were noted in only
a small percentage of patients.1 3  These did not grow progressively worse
as in the sequelae in encephalitis lethargica.

As to laboratory findings in the blood and spinal fluid, during the acute
phase of the disease, the. white blood cells in the former were likely to be
increased in the range of 10.000 to 25.000 cells per cubic millimeter of blood,
with a definite increase in the number of mature and immature neutrophiles.
Cerebrospinal fluid was clear, under normal or occasionally increased pres-
sure. and pleocytosis, ranging from 22 to 1,450 white blood cells, was present
in all of the military patients whose illness was definitely proved to be due
to this infection. The cells were. as a rule, predominantly mononuclear,
although in at least two of the group polymorphonuclear leukocytes pre-
dominated; spinal fluid sugar and chloride were in the normal range. Pro-
tein was normal or only slightly increased early in the disease, while during
convalescence a 3 or 4 plus Pandy reaction was not uncommon.

In American military personnel, poliomyelitis and "aseptic meningitis" 14

offered the greatest problems of clinical differential diagnosis. Among the
children and natives of older age groups, tuberculous meningitis proved to
be another important differential diagnostic consideration. Of aid in the
diagnosis was the use of neutralization and complement fixation tests and
virus isolation from fatal cases. It was fortunate indeed that, during the

13 DIuring World War II. and when this disease was first encountered, a subject of great interest
was whether the military cases of Japanese B encephalitis would result in any residual deficiencies
in nervous function after the acute stage of the disease had been passed successfully. This was a
matter which should call for preferably long-term followup observations. One postwar study which
can be mentioned is embodied in a report to the Surgeon General's Office by Dr. Charles D. Aring.
Professor of Neurology, University of Cincinnati. Ohio, made under the auspices of the Army Epidemlo-
logical Board in 1948 (published in Arch. Neurol. & Psychiat. 62: 759-765, December 1949). Dr.
Aring examined 19 late cases of Japanese B encephalitis in Americans at the 361st Station Hospital
In Tokyo, as well as 12 late cases among Japanese. In only 1 American out of a total of 19 did he
feel that it was possible that the patient was suffering from residua, and even In this case It seemed
probable that the signs were attributable to an emotional disorder apart from his recent acute dise•se.
It was Dr. Aring's opinion that once the "dangerous period" had been passed without the appearance
of crippling neurological signs, the patient would go on to good recovery, with the possible exception
of the develooment of parkinsonlsm, which had been reported in Japanese cases as an occasional
occurrence.

14 Several years later, it was shown that leptospirosis was the cause of at least one outbreak of
"aseptic meningitis" in troops on the Island of Okinawa.
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combat conditions on Okinawa in the summer of 1945, not only were labora-
tory facilities made available for the carrying out of these tasks but that
personnel were also available to do the tests and to interpret them. Thii
is a type of frontline scientific medicine which deserves special mention in
any military history.

Medical officers were aware that there was no specific treatment for
Japanese B encephalitis, but the following supportive measures were car-
ried out. During the period of coma, nutrition was maintained by gavage
or by the parenteral administration of fluids and the use of vitamin supple-
ments. As depletion of body protein was sometimes extreme, plasma or
amino acids were given.

Other special and general methods were used as a means of preventing
decubitus ulceration. The careful use of sedatives during periods of rest-
lessness and irritability, with frequent changes of posture of comatose pa-
tients. tracheal aspiration, catheterization when indicated, and similar routine
procedures constituted almost all the therapeutic measures.

The treatment of complications with chemotherapeutic agents was
regarded as of parar.mount importance, particularly with reference to pneu-
monia.

The pathology of Japanese B encephalitis was also described on the
basis of material studied from the Okinawan epidemic. An excellent report
was made by Lt. Comdr. H. M. Zimmerman, MC, USNR, from the Naval
Medical Research Unit No. 2,5 and, with the help of the Army Institute of
Pathology (now the Armed Forces Institute of Pathology), Washington.
D.C., another report was made by Haymaker and Sabin.16 Involvement of
the brain proved to be very extensive.

For preventive measures, the reader is referred to Sabin's chapter on
encephalitis in another volume in the history of the Medical Department
in World War I1.17 It is enough to say here that the use of mosquito control
and a mouse-brain formalin (inactivated) vaccine were tried on Okinawa.

In summary, therefore, and in retrospect, it would appear that during
World War II after considerable preparation with regard to the arthropod-
borne virus encephalitides this group of diseases turned out to be less of a
threat as a military disease than had been anticipated, but in this respect
there was feeling that the Armed Forces had been lucky. In any event,
considerable was learned about arthropodborne virus encephalitides which
constituted a group of what might be called new diseases as far as the Medi-
cal Departments of either the Army or the Navy were concerned. The first
contact by American troops with a most important member of this group.
namely, Japanese B encephalitis, became a landmark of some prominence-

ViZimmerman, H. M.: The Pathology of Japanese B Encephalitis. Am. .. Path. 22: 965-991,
September 1946.

16 Haymaker, W., and Sabin. A. B. : The Topographic Distribution of Lesions in Central Nervous
System in Japanese B Encephalitis; Nature of the Lesions, With Report of a Case on Okinawa. Arch.
Neurol. & Psychlat. 57: 673-692, June 1947.

17 See footnote 3, p. 83.
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in the military history of virus diseases. That the disease should have been
promptly recognized, and the agent isolated by medical officers from the
Army and the Navy working close to the combat areas, was a noteworthy
achievement. Subsequent to World War II, important additions were made
to knowledge about this disease, as a result of experiences in the army of
occupation in Japan,18 but the introduction to this story came in July and
August of 1945 on the island of Okinawa.

POLIOMYELITIS

Just prior to the onset of World War II, it was generally agreed by
medical officers in the Army that poliomyelitis was not a disease of military
significance. This was based on the very low incidence of poliomyelitis in
U.S. Army forces during and in the years immediately following World
War I. It seemed justifiable to continue to regard this disease essentially,
if not exclusively, as a disease of early childhood and not, to any appreciable
degree, as a disease of men of military age.

By 1945, however, it was abundantly clear that this opinion needed
revision, for although the number of cases of poliomyelitis which had oc-
curred in the Army during World War II was not very great (in the
neighborhood of about 1,000 covering the 4 war years), the disease had
been responsible for many problems. The degree of crippling was high;
the percentage of bulbar cases was high; the mortality was high; and the
element of panic which poliomyelitis caused, either in outbreaks or in single
cases within military units, had proved to be appreciable. Not only had
this been so within the confines of the United States but, with the exception
of the European Theater of Operations, U.S. Army, the incidence of polio-
myelitis had been considerably greater in troops abroad than at home

(p. 9 9 ).
The statistics with regard to the prevalence of poliomyelitis in U.S.

Army personnel preceding and during World War II have been admirably

18 It will not be within the scope of this chapter to discuss postwar outbreaks of arthropodborne
virus encephalitis or the experience with this disease by troops occupying Japan during the 2 years
immediately following 1945. Three cases did occur in U.S. troops in Korea in 1946, one of them fatal.
These occurred among 1,500 Americans stationed in an isolated camp near Kunsan (Sabin, A. B.,
Schlesinger, R. W., Ginder, D. R.. and Matumoto, M.: Japanese B Encephalitis in American Soldiers
In Korea. Am. J. Hyg. 46: 356-375, November 1947). No cases of encephalitis were found in the
native lIopIulation coincidentally. Subsequently (1946-55), Korea has experienced at least two large
outbreaks of Japanese B encephalitis.

Also during the summer of 1946, an outbreak of illness among U.S. Marines stationed In Tientsin,
China, which at first was thought to be encephalitis and later regarded as poliomyelitis, led to certain
Investigations by Sabin and his coworkers (Proc. Soc. Exper. Biol. & Med. 65: 183-187, June 1947)
which revealed that extensive previous inapparent infection with Japanese B encephalitis virus existed
among the populations of Shanghai and Tientsin, where no epidemics of encephalitis had been observed.
The survey method employed by Sabin was one which had been followed by Japanese in Japan and
elsewhere, for some years: namely, by determinhig the presence or absence of neutralizing antibodies
for the virus of Japanese B encephalitis in large numbers of sera collected from various age groups
of the local population living in various locations. It was, however, one of the first of many subsequent
examples of the use of the serological antibody survey by U.S. Investigators as a means of outlining
the geographic distribution of epidemic encephalitis in what might be called unknown territory.
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CHART 2.-ueasonal invidenc• of poliomniceitis in the Atrmiy in the contii(IntaL United States

compared wcith eon tcutporaecocous virilian raftes during the secoid half of each year,
1943-.J6
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reviewed by Sabin in another volume in the history of the Medical Depart-
ment in World War II.19 The attempt will not be made, therefore, to dupli-
cate Sabin's figures to which the reader may be referred. There are, how-
ever, certain epidemiological points which deserve mention even at the
expense of reiteration because they represent new information about this
disease acquired as a result of military experience. Primarily, it became
apparent during the years 1941-45 that men of military age, born and
brought up in the United States during the 1920's and 1930's, were more
susceptible to poliomyelitis than their fathers had been in 1917-18. This
was unexpected. The military rates for 1943-46 within the United States

19 Sabin, Albert B.: Poliomyelitis. In Medical Department, United States Army. Preventive
Medicine In World War II. Volume V. Communicable Diseases Transmitted Through Contact or By
Unknown Means. Washington: U.S. Governaeait Printing Office, 1960. pp. 367-400.
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are shown in chart 2. In comparing the curves recording A.rmy and civilian
incidence, respectively, in chart 2, one should recall that the civilian popula-
tII contains a much higher percentage of susceptibles (children) than does

the military population In terms of actual rates, the average civilian over-
all annual rate for poliomyelitis per 100.000 in the United States for 1940-47
was about 10. Triis includes all ages, all months of the year, and both para-
,-tic and nonparalytic cases. It can be compared with the annual rate for

•. Army troops in the Inited States for the period 1940-47, which was
,t. 3 per 100,000.

Another point that came out of the military experience was that in 1941
;iere was little appreciation that l)oliomnyelitis could be a tropical disease

,,f any importance, or that it amounted to much in subtropical areas. Local
civilian 1)ublic health statistics within the great majority of tropical areas
had for years reported a dearth of epidemnics and a very low incidence of
poliomyelitis in the native-born inhabitants.20  Therefore, it was naturally
thought that this disease should not be of particular danger to troops in
such areas. It was not long, however, before it became apparent that polio-
mnvelitis could exist in poorly sanitated tropical or subtropical areas as a
hidden disease, hitherto unsuspected. Later. by the copious use of hindsight,
one could surmise that this might have been predicted on the basis of prewar
experience with poliomyelitis in the Philippines. As early as 1936, Lt. Col.
(later Brig. Gell.) Charles C. Hillman. MC. had reported an interesting
observation, which was to be repeated frequently during World War II.
III his account 21 of an outbreak of poliomyelitis which occurred in Manila,
Philippine Islands, in 1934, he described 17 l)atients withl poliomyelitis who
were admitted to the Sternberg General Hospital in Manila; of these, 3
cases were in military personnel, the remaining 14 being in dependents.
Coincidentally. the number of cases in the local Philippine civilian popula-
tion was small, presumably represented by only Atine cases. Colonel Hillinan
comlmented on the fact that, considering the vast preponderance of natives
to American-born people in the community, there was indeed a striking dis-
crel)ancy between the poliomyelitis incidence rate in the civilian population
and that of the Americans. However. the extraordinary degree to which
the immunity of the young adults in the two populations might differ was
not appreciated at that time.

The idea should not be conveyed here that the Medical Department of
the U.S. Army was indifferent at the beginning of World War II to the
threat of poliomyelitis as a possible problem in military medicine, for this
was not the case. During the summer of 1941, the Office of the Surgeon
General of the Army prepared a statement about poliomyelitis and recom-
nliendations for its control in the Army. Again in 1943. at the request of

20 Sin(ce 1945. many epidemics of poliomyelitis have jein reported from tropical areas (Paul, J. R.,
Ramirez Corria. F., and H1orstmann. D. M. : Analyses From a Tropical Epidemic of Poliomyelitis Which
Occurred in Florida and Cuba in 1946. Am. J. Trop. MePd. 29: 543-554, July 1949).

21 1lllman, C. C. : Poliomyelitis In the Philippine Islands. Mu1. Surgeon 79: 48-58, July 1936.
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The Surgeon General of the Army, the Division of Medical Sciences of the
National Research Council sponsored a discussion by outstanding authorities
in the field of p)oliomyelitis, which again resulted in a number of recoin-
mendations used by military officers. These recommendations are recorded
by Sabin in another volume in the history of the Medical Department in
W1orld War 11.22

Perhaps the first theater in which this disease became an appreciable
problem was that of the U.S. Army Forces in the Middle East in 1943. Ob-
servations regarding the seriousness of poliomyelitis in British troops within
the area during 194142 had already been mnade in 1943.23 The situation was
later reviewed by Caughey and Porteous in a postwar report of their experi-
ences which includes a description of anl epidemic of poliomyelitis which had
occurred in 194041 in New Zealand troops stationed in Egypt.24  Similar
British observations were recorded in India with comments on the fact that
poliomyelitis was particularly severe in foreign troops in India, whereas at
the same time it seemed to be both uncommon and not severe in the natives
there.

This early British experience in the Middle East was later shared by
U.S. troops in North Africa, Egypt, and the Middle East generally during
the suimlner of 1943. This joint experience has been described 25 with par-
ticular reference to the high rate and high fatality of poliomyelitis in U.S.
troops in contrast to its apparent rarity in the native adult Egyptians.
Comment was also made on the absence of epidemics of poliomyelitis in the
local native population and the fact that the only examples of the disease
which did appear in the local population were in infants.

There was considerable difficulty with the diagnosis of poliomyelitis in
U.S. troops stationed in this area during the summer of 1943. Medical offi-
cers had not been prepared for this disease and were very loath to accept
suspicious cases as poliomyelitis. This may be understandable in that, at
least at that period, the clinical picture of poliomyelitis in adults had re-
ceived scanty treatment in American textbooks of medicine. At the 38th
General Hospital near Cairo, Egypt, this author, in consultation, saw at
least a dozen cases of poliomyelitis, several of which were fatal. In the
majority of patients, the disease was characterized by insidious onset with
2 or 3 days of malaise, relatively little fever, but severe pain in the back.
This is in some contrast to the textbook picture seen in children with an
acute onset with fever and usually a biphasic course. Fortunately, at the
38th General Hospital, a virus laboratory had been established in the sum-

22 See footnote 19, p. 92.
23 Van Rooyen, C. E., and Morgan, A. D.: Poliomyelitis; Experimental Work in Egypt. Edin-

burgh M.J. 50: 705-720, December 1943.
24 Caughey, J. E., and Porteous, W. M.: An Epidemic of Poliomyelitis Occurring Among Troops

in the Middle East. M.J. Australia 1: 5-10, 5 Jan. 1946.
25 Paul, J. R., Havens, W. P., Jr., and Van Rooyen, C. E.: Poliomyelitis in British and American

Troops in the Middle East; Isolation of the Virus from Human Faeces. Brit. M.J. 1: 841-843,
24 June 1944.
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mer of 1943. Monkeys were obtained locally and from Eritrea, where they
had been trapped by members of the Army Veterinary Service, and the iso-
lation of poliomyelitis virus by monkey inoculation with material from a
number of these cases during the summer of 1943 supported the diagnosis. 24

In the care of these patients, there is little to record other than the fact
that here, as elsewhere in areas remote from the linited States, tank res-
pirators and other respiratory aids were seldom available. As a result, polio-
myelitis patients who developed severe respiratory paralysis promptly died.

From the epidemiological standpoint, it was here in the Middle East
that the idea first emerged that the phlenomena which had been observed by
Hillman in the Philippines in 1934 was one which could be repeated in a
number of different areas. particularly in cities located in the tropics where
sanitation was primitive. In other words, among the native-born infants
and young children in these areas, poliomyelitis was apt to be endemic with
an exposure rate so high that the infection was almost universally acquired
by natives in infancy and was almost universally unrecognizedl. Conse-
quently, by the time the native child had reached the age of 2 or 3 years,
he had had the disease (rarely in either paralytic or nonparalytic form), but
commonly in inapparent form and had thus acquired some immunity. This
immunity rate among the adult natives was high as opposed to the visiting
troops from northern Europe, the United States, Canada, Australia, and
New Zealand whose exposure to poliomyelitis at home had not been so heavy
during infancy. When these troops entered these areas, poliomyelitis came
to the surface, as it were, because of heavy exposure of a moderately sus-
ceptible population coming into an infectious environment. As a result, not
only were appreciable numbers of cases of poliomyelitis acquired by the
susceptible members of the "immigrant" troops, but small epidemics in U.S.
trool)s were precipitated now and again of which notable examples appeeared
in 1944 and 1945 in the Philippines.

It would also appear that the same unsanitary conditions and proximity
to native populations, which gave rise to high attack rates of bacillary dysen-
tery and infectious hepatitis, were also associated with an increased incidence
of poliomyelitis. Thus, poliomyelitis and these other diseases did not often
occur among the troops in various primitive, tropical or subtropical, regions
where the military installations were "beyond the range and influence of
native villages." But where, as became particularly evident in the South-
west Pacific Area and in the Philippines, U.S. troops moved into the midst

of congested native villages and towns with sanitation of the worst possible
order, poliomyelitis appeared in unexpectedly high numbers of cases, along
with the other infections whose etiological agents were known to occur pre-
dominantly in human feces.

26 Report. Commigsion on Neurotropic Virus Diseases, Army Epidemiologieca Board. to Office of
the Surgeon General, U.S. Army, May 1944. subject: Report of the Middle East Expedition of the
Virus Commission.
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III tile Philippine Islands. for instance, the story was typical. Prior
to the invasion of the islands in 1944, tie attacking force had spent a month
on board ships without the appearance of a single case of polionivelitis.
But shortlv after the occupation of Leyte began in October 1944, cases
appeared. and this was followed by a relatively high incidence of the dis-
ease. According to the statistical health report, 39 cases of poliomiyelitis
occurred, during the months of November and December 1944, in a force
which varied from an initial strength of about 200()000 to a little over 300.000
at the end of the year. In the next year. there were 245 cases (for all of
1945) in a force with an average strength of around 600,000. Sabin states
that there is good reason to believe that this does not include all the cases.
Studies on the disease here were reported by the virus team of the 19th
Medical General Laboratory. Leyte.-'7 It was noted by them that there was
no uniform history of the increase of upper respiratory infections in units
involved, but several of the patients had had diarrhea or dysentery subse-
quient to arrival on Leyte. Nonparalytic cases were also recorded; several
of theem caused considerable difficulty in diagnosis. Coincidentally, no evi-
dence of poliomivelitis appeared aniong the Filipinos so that in the Philip-
pine Islands poliomyelitis was considered to be a disease of white people.
In retrospect, the observations point to the fact that the local population
in Leyte was the hidden reservoir of the virus.

Another outbreak in the Southwest Pacific was investigated at Laoag
Army Air Base in 1945 by Lt. Col. Adam J. French, MC.28  Twenty-two
cases occurred, most of them during the month of May, with at least eight
paralytic cases. Here again, it was not an isolated explosive outbreak but
rather a group of cases resulting from what seemed to be continuous ex-
postire to a reservoir of virus.

Apart from the incidence of poliomyelitis in various oversea theaters,
the incidence of poliomyelitis in troops in the continental United States was
appreciable (chart 2). As a rule, most of the cases were sporadic examples
of the disease which were not followed by outbreaks in the units in which
they appeared. However. there were several small, sharp. and moderately
serious epidemics in the United States during the period 1941-46. These
epidemnics have been discussed with care by Sabin in another volume in the
history of the Medical Department in World War 11.29

The first of these was an epidemic in San Antonio, Tex.. in December
1942.30 Although only 3 cases, I of themn fatal, occurred in soldiers in the
vicinity of Fort Sam Houston, San Antonio, there were a number of cases

27 Report, 19th Medical Service D)etachment (General laboratory). to Chief Surgeon. Headquarters,
U.S. Army Services of Supply, Southwest Pacific Area, 28 Ic. 1944, subjoet : Poliomyelitis and Other
Virus Diseases in the Tacloban-Palo-Dulag area of Leyte.

28 Ietter. Lt. Col. A. J. French. MC, to Chief Surgeon. U.S. Army Forces, Western I'acific, 25 June
1945. subject: Investigation of Poliomyelitis Outbreak at Lamig Army Air Base.

29 See footnote 19, p. 92.
30 Paul, J. R. : Preliminary Report on time Poliomyellls Epidemic in San Antonio, Tex.. September-

December 1942. (Official record.]
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among the families of officers mid men stationed in that area, 11 of which
were admitted to the Brooke General Hospital at Fort Sam Houston. This
outbreak cause~d considerable concern locally anmd served as an illustration
of the manner in which poliomyelitis can indirectly become a morale problem
when it suddenly appears in the families of military personnel living on a
large military post in this country.

A second outbreak, which was well describied, occurred in a training unit
designated as the STAR (Specialized Training and Reassignment) unit at
Pasadena College, Pasadena. Calif. The STAR unit consisted of approxi-
mately 800 men among whom an explosive ep)idemic occurred in mid-August
1943, just after 310 of the men had left for duty at Indiana University,
Bloomington, Ind. The first case, which ended fatally, occurred on the
train, and subsequently, there were 16 other cases compatible with the diag-
nosis of paralytic or nonparalytic poliomyelitis in the group which went to
Indiana. Among the men remaining at Pasadena College, there was only
one case.

Another epidemic occurred at Fort McClellan, Ala., in the spring of
1945, which was apparently the only example of an outbreak of poliomyelitis
in an isolated Army camp in the continental United States. Seventeen cases
of paralytic poliomyelitis occurred within a brief period of 2 months, yield-
ing a paralytic attack rate of approximately 0.57 per 1,000 men. All the
cases were in soldiers.

These last. two small outbreaks which occurred in Army personnel in
the United States were both explosive localized types, suggesting primary
infection from a common source over a limited period of time.

The incidence of poliomyelitis among American troops in the European
theater was of the same order of magnitude as in the United States, except
that no outbreaks were recorded.

Diagnosis

During World War II, poliomyelitis proved to be a disease of some
significance within several theaters. This had been more or less unsus-
pected by medical officers, snme of whom went to considerable lengths to
determine whether the case of acute paralysis seen in North Africa, for
instance, in 1943, might be due to some cause other than poliovirus. One
of the reasons for the difficulties in making the diagnosis seemed to have
been that at that time, in the mid-1940's, the average medical or pediatric
textbook description of acute poliomyelitis described the picture of the
juvenile case characterized with initial signs and symptoms of acute fever
(often in two bouts), headache, vomiting, and stiff neck. Textbook descrip-
tions of adult cases were few, and there was little awareness that adult cases
could present a picture, quite different, from the juvenile case, of insidious
onset, often with little fever in the first few days and often with severe
pain in the back. Consequently, it was with some reluctance that the diag-
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nosis of poliomyelitis was made by medical officers in areas where poliomye-
litis was said to be rare and where there was the possibility of the occurrence
of one or more unusual diseases of local origin which might simulate polio-
myelitis. This reluctance to diagnose poliomyelitis, because it was a disease
that was not supposed to occur in certain parts of the world and not sup-
posed to occur in soldiers, is understandable. By early 1944, cases of polio-
myelitis in military personnel were becoming more familiar in the Mediter-
ranean area, and the diagnostic problems were soon resolved.

Treatment

It would not be profitable to review the various kinds of treatment which
patients with paralytic poliomyelitis received under widely differing circum-
stances in different theaters of war and in different kinds of hospitals. Dur-
ing and immediately following World War I1, current ideas as to the
symptomatic and supportive therapy of poliomyelitis were undergoing certain
clanges. The abandonment of the prolonged and rigid splinting of para-
lyzed limbs was taking place, and the tendency was more in favor of the use
of shel] casts to protect the weakened or paralyzed limb rather than its fixa-
tion. Actually, the degree to which rigid splinting of paralyzed limbs during
acute phases of the disease was carried out must have differed conside'al lv
in different places. Another innovation was just beginning to be us, (L This
was the application of moist heat to the limbs and body in the painful stages
of myelitis, the so-called Sister Kenny method, which also called for the
reeducation of muscles early in the postfebrile period.

Considerable improvements were to be made in the decade following
World War II in the development of various mechanical breathing aids for
supporting patients whose life was threatened because of respiratory inpair-
ment as a result of paralysis to the respiratory muscles. During World
War IL, however, the main respiratory aid was the tank respirator, known
as the Drinker respirator. This was a large, heavy piece of apparatus, bulky
and difficult to transport. It was not standard equipment of many general
hospitals. Nevertheless, a number of these tank respirators were available
for hospitals in the United States, and occasionally, the emergency trans-
portation of a tank respirator to a distant area was achieved. In retrospect
and taking all things into account, it is not believed that loss of life due to
the failure of availability of respiratory aids was a serious situation.

Oversea patients with residual paralysis were eventually evacuated to
hospitals in the Zone of Interior where they could have orthopedic supervi-
sion and undergo a regimen of rehabilitation before discharge from the
Army. This latter phase represents a different but important chapter in the
handling of these cases.

In summary, therefore, it can be said that, before the close of World
War II, it had become apparent that, with the exception of northern Europe,
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the rates of polionmyelitis for U.S. troops stationed abroad were higher than
in the United States, and in some instances far higher (chart 3). In this
chart, the rates are indicated at which poliomyelitis appeared in U.S. Arnmy
troops, which were low in the United States and the European theater, were
higher in the Mediterranean, the Middle East, and China-Burma-India the-
aters, and higher still in the Philippine Islands.

CHART 3.-Incidence of poliomyelitis in the U.S. -truty, by selected area and f/car, 1940-48
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Unexpectedly, therefore, this military experience has added a good deal
of knowledge to the epidemiology of poliomyelitis in general 31 but relatively
little to other aspects of this disease. This was because of the small number
of cases and the insufficient volume of clinical material.

LYMPHOCYTIC CHORIOMENINGITIS

The story of this disease in World War I has been presented by Ras-
mussen and Smadel in another volume in the history of the Medical Depart-
ment in World War 11.32 From their review, it appears that lymphocytic
chorionieningitis, which had been a popular diagnosis during the late 1930's,

31 (1) Paul, J. R.: Poliomyelitis In Japan. Am. J. Hyg. 45: 206-218, March 1947. (2) Sabin,
A. B.: Epidemiology of Poliomyelitis; Problems at Home and Among Armed Forces Abroad. J.A.M.A.
134: 749-756, 28 June 1947.

32 Rasmussen, Aaron P., Jr., and Smadel, Joseph E.: Lymphocytic Choriomeningitis. In Medical
Department, United States Army. Preventive Medicine in World War II. Volume V. Communicable
Diseases Transmitted Through Contact r. iy Unknown Means. Washington: U.S. Government Print-
Ing Office, 1960, pp. 363-366.
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proved to be a nnuch less conunon disease anmong U.S. military personnel
than had been originally suspected.

Early ill the war, this disease, which will be referred to here as LCM,
had been considered of sufficient importance to deserve detailed mention in
Circular Letters Nos. 107 and 74, 21 October 1941 and 19 March 1943, re-
spectively, pertaining to neurotropic virus diseases; later, these circulars were

followed by TB MEI) 212, 16 January 1946. In all of these summaries, it
was pointed out that exact diagnosis was desirable and that aids to the
clinical diagnosis of LCM were available in the form of complement fixation
tests, which could preferably be performed for diagnostic purposes on
matched samples of sera.

These directives reflect the fact that the clinical diagnosis of LCM was
being made all too freely in the early 1940's and that the term had become a
catchall to embrace the majority of cases of acute aseptic or lymphocytic
meningitis of undetermined etiology. This explains the report of admission
to Army hospitals of 758 cases of LCM in which the diagnosis was based
on clinical criteria alone during the period. However, from the laboratory
studies, reported by Rasmussen and Smadel (in which only 31 of 276 sus-
pected cases were proved to be caused by LCM), it appeared that only 1 in 10
of these 758 cases reported in the Army were actually caused by the virus
of LCM, giving an estimated overall incidence of 76 cases during three of
the war years, 1943-45.

The problem of differential diagnosis on clinical grounds in cases of
aseptic meningitis was in the early 1940's, and still is, very appreciable,
particularly as the list of diseases which were considered in differentiating
LCM from lymphocytic meningitis in military personnel was long. It in-
cluded mumps meningoencephalitis, nonparalytic poliomyelitis, central ner-
vous system syphilis, tuberculous meningitis, acute encephalitis of a variety
of causes, tetanus, brain abscess, rabies, lymphocytic meningitis associated
with malaria, and infectious mononucleosis. At that time, the syndrome
associated with infections by a number of Coxsackie and Echo viruses was
not known, and it is highly probable that such cases were also included under
the term "acute benign lymphocytic meningitis." Furthermore, the syn-
drome of acute, benign lymphocytic meningitis encountered in leptospiro-
sis was also not appreciated, and it is reasonable to suppose that such cases
occurred because of their subsequent detection in areas where troops were
stationed during World War II.3

In brief, then, it appears that although many cases of LCM were diag-
nosed clinically during the war, actually this disease was uncommon. The
introduction of serological methods and the notification of medical officers
that such methods were available did much to clarify this situation. It is
quite clear that in many theaters of operations it was difficult to have the

3-3 Professional History of Internal Medicine in World War II, 1 Jan. 1940 to 1 Oct. 1945, The
Panama Canal Dept., vol. 1, pp. 162-171. [Official record.]
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special type of laboratory determinations performed, such as the serological
diagnostic methods described in Circular Letters Nos. 107 and 74, and TB
MED 212.

Nevertheless, it was gradually brought home to medical officers, in this
country at least, that here was a disease of which, if loosely diagnosed, one
could find many examples, but if rigidly diagnosed, particularly with the
use of the complement fixation test, 90 percent of the cases could be elimi-
nated. The fact that these tests were more readily available to physicians in
the Medical Department of the Army than to many physicians in civilian
practice indicates that here was a situation with certain educational poten-
tialities.

In retrospect, therefore, it would seem that LCM did not prove to be a
disease of military importance in World War 1I. The number of proved cases
were few and scattered and, apparently, there was nothing special or con-
sistent about, the circumstances under which they occurred. One noteworthy
feature about LCM during World War II was, however, that through the lab-
oratories of the Army Medical Department Professional Service Schools,
Army Medical Center, Washington, D.C., and a few other special labora-
tories, this proved to be one of the first of the virus diseases of the central
nervous system in which an exact etiological diagnosis could be established
by serological methods. Others in the group soon followed.

RABIES

Rabies among military personnel during World War II was rare and
sporadic. In the U.S. Army, 1941-45, seven rabies deaths were reported on
individual medical records, five occurring in the United States and one each
in Panama and the Philippine Islands. Of the five patients who died in the
United States, one had contracted the disease in Italy but had not reported
for treatment until after returning to the United States.

This author reviewed three case reports of patients who had contracted
the disease in the United States-one at Jefferson Barracks, Mo., in December
1941; one in Washington, D.C., in November 1943; and one at Chanute Field,
Ill., in January 1944. The first two cases were due to dogbites; the third,
to the bite of a skunk.

In the three case reports reviewed, there were no special features with
regard to the history, clinical course, and treatment. The incubation period
in two of the patients, one of whom received a full course of antirabic
inoculation, was from 3 to 6 months; whereas, in the third patient, who was
bitten on the lip and who had received but three injections of vaccine, it
was about 5 weeks. Once symptoms started, the course was rapidly downhill
with death in 3 to 4 days. Initial symptoms included malaise, anxiety, and
drowsiness. These were soon followed by nausea, pain in the shoulders,
increasing stupor, rapidly developing flaccid paralysis, and pharyngeal and
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laryngeal spasm. Paraldehyde and Avertin (tribromolthanol) were em-
ployed as sedatives.

l)espite the farflung activities of the U.S. Army during the course of
the war, the only areas other than the United States in which the disease
was contracted were, as just mentioned, Panama, the Philippine Islands, and
Italy. rhis is extraordinary from the standpoint of the exposure which
might have existed in North Africa and in the Middle East generally, but is
of course not remarkable for Gteat Britain and France in the European
theater.

('ol. John E. Gordon, J[C, 34 in a report from the European theater,
noted that it was a novel sensation in the experience of most American phy-
sicians to be able to look with complete equanimity on the occurrence of a
dogbite. Rabies had been so long absent from Great Britain by reason of
the stringent quarantine practiced in that country that no need existed for
administration of antirabic vaccine after bites by dogs or other animals. The
last rabies in Great Britain occurred at the time of World War I.

The rabies situation in France was almost as favorable, for apparently
iio definite cases of rabies had been detected in animals for some years, and
no lumman had died from rabies in France for 16 years.

Rabies was, however, reported in Berlin, Germany, in 1945, and occa-
sional infections among animals were recognized in northwestern European
countries. Most American medical officers consequently returned to tradi-
tional l)ractice in the management of dogbites sustained in these areas.

Rabies transmitted by bats was a disease known to the Army, but was of
no military significance since it did not produce human cases. This bat-
transmitted disease is the cause of paralysis in livestock, principally cattle.
It made its first appearance in Trinidad, in 1925, where, for 11 years there-
after, focal outbreaks reoccurred in cattle, with about 1.000 cases occurring
annually. The rigorous control measures which were brought to bear in
Trinidad and Venezuela are described by Maj. Richard T. Gilyard, VC.35

34 Gordon. John E. : A History of Preventive M•edleine in the European Theater of Operations,
U.S. Army, 1941-45, vol. II, pt. III, p. 51. [Official record.]

35 Gllyard, R. T. : Bat Transmitted Paralytic Rabies. Cornell Vet. 35: 195-209, July 1945.



CHAPTER V

Q Fever
Charles A. Ragan, Jr., M.D.

OCCURRENCE

Q fever first appeared among Allied troops in 1944 and 1945 when
several sharp outbreaks occurred in the Mediterranean (formerly North
African) Theater of Operations, U.S. Army.1 That it was not identified
immediately was doubtless related to the fact that this rickettsial disease had
first been described in 1937 ,` and that, with the exception of laboratory infec-
tions,3 the disease had been reported only from Queensland, Australia, as
occurring naturally in human beings. The author was present as Chief,
Medical Service, 15th Field Hospital in Italy, when some of the first military
patients were seen, and it must be confessed that there was no realization
at that time that an unusual situation was developing. In retrospect, it is
of interest to reflect upon the interplay of serendipity, error (a single posi-
tive Weil-Felix reaction), and the presence of Maj. Frederick C. Robbins, MC,
in Naples that led to the realization that we were dealing, not with common
primary atypical pneumonia, but with Q fever, appearing naturally in a
locality far distant from Queensland. Subsequently, the disease was recog-
nized in southern Italy, Greece, and Panama. Since World War II, Q fever
has been recognized in California.4

Apennines outbreaks.-The 15th Field Hospital was set up in December
1944 as a three-platoon unit acting as a medical evacuation unit behind the
U.S. II Corps in the Apennines north of Florence. The hospital was studying
the feasibility of early return to duty of patients with various psychosomatic
problems related to combat fatigue. In addition to such patients, there were
others with trenchfoot, infectious hepatitis, and primary atypical pneumonia.

1 Unless otherwise noted, the material presented in this chapter was taken mainly from a series
of articles which appeared In the American Journal of Hygiene, volume 44, July 1946, pp. 1-182.

2 (1) Derrick, E. H. : "Q" Fever, A New Fever Entity; Clinical Features. Diagnosis and Labora-
tory Investigation. M.J. Australia 2: 281-299, 21 Aug. 1937. (2) Burnet, F. M., and Freeman, M.:
Experimental Studies on the Virus of "Q" Fever. M.J. Australia 2: 299-305, 21 Aug. 1937.

3 (1) Cox, H. R.: A Filter-Passing Infectious Agent Isolated From Ticks. III. Description of
Organism and Cultivation Experiments. Pub. Health Rep. 53: 2270-2276, 30 Dec. 1938. (2) Dyer.
R. E.: A Filter-Passing Infectious Agent Isolated From Ticks. IV. Human Infection. Pub. Health
Rep. 53: 2277-2282, 30 Dec. 1938. (3) Hornibrook, J. W., and Nelson, K. R.: An Institutional Out-
break of Pneumonitis. I. Epidemiological and Clinical Studies. Pub. Health Rep. 55: 1936-1944,
25 Oct. 1940. (4) Dyer, R. E., Topping, N. H., and Bengtson, 1. A. : An Institutional Outbreak of
Pneumonitis. II. Isolation and Identification of Causative Agent. Pub. Health Rep. 55: 1945-1954.
25 Oct. 1940. (5) Lillie, R. D., Perrin, T. L.. and Armstrong, C. : An Institutional Outbreak of Pneu-
monitis. III. Histopathology in Man and Rhesus Monkeys in the Pneumonitis Due To the Virus of
"Q" Fever. Pub. Health Rep. 56: 149-155, 24 Jan. 1941.

4 Clark. W. H., Lennette. E. H., and Melklejohn, G.: Q Fever in California. III. Aureomycin in
the Therapy of Q fever. A.M.A. Arch. Int. Med. 87: 204-217, February 1951.
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Radiological facilities under the direction of Capt. Stanley M. Wyman, MC,
were excellent.

in late February 1945, an officer front Headquarters Company, 339th
Infantry, was admitted with high fever and general malaise without local-
izing symptoms, a, picture suggrsting the preicteric phase of infectious
hepatitis. A roentgenogram of the chest at admission was interpreted as
normal. A mnacular erythematous rash appeared transiently, and typhus
was then considered in differential diagnosis, because several of the medical
officers in the 15th Field Hospital had had duty in North Africa and had
seen the disease in native populations. For this reason, a Weil-Felix test
was done and was reported as positive in a significantly high titer from the
2d Medical Laboratory iii Florence. Shortly thereafter, a second roentgeno-
grami of the chest revealed an area, of pneumonic consolidation, and a pre-
sumptive diagnosis of primary atypical pneumonia was made.

Within the next month, 32) additional members of Headquarter(s Coun-
pany, 339th Infantry, were admitted with febrile illness, and 20 inore patients
from this unit were seen in other Fifth U.S. Army hospitals withi similar
symptoms. Major Robbins of the 15th Medical General Laboratory in Naples
came to investigate the reported positive Weil-Felix reaction. From the
blood of one of the patients with pneumonitis, a strain of rickettsia charac-
terized as Rclkett8ia burneti was isolated by inoculation into guinea pigs
and subsequent transfer to chick embryo yolk sac. This was established as
the Hlenzerling strain. Sera were obtained from 28 patients during acute
illness and convalescence, and convalescent samples were obtained from 25
other patients. Complement-fixing antibodies to the hfenzerling strain were
found in the sera of all 53 patients.

A second outbreak, originating in the same vicinity, was observed in
April 1945 in the 3d Battalion, 3062d Infantry, involving 267 patients of
whom 80 were personally observed in the 15th Field Hospital. Sera of the
acute disease and convalescence were obtained from 29 unselected cases, and
a rising titer of complement-fixing antibodies to the HLenzerling strain was
demonstrated. The Paige strain of R. burnwti was isolated from one patient
in this group. In this epidemic, 70 percent of the patients not personally
observed were reported as having atypical pneumonia or pneumonitis, and
the remainder had diagnoses of fever of undetermined origin, infections
hepatitis without jaundice, or upper respiratory infection. Occasionally, no
final diagnosis was made.

In a survey carried out by Major Robbins, Lt. Col. Ross L. Gauld, MC,
and Capt. (later Maj.) Frank B. Warner, MC, several localities appear
to be epidemiologically implicated in the high incidence of disease seen in
these two outbreaks. Insects in the presumed areas of infection were numer-
ous but no specific rickettsial vectors were discovered and the spraying of
DDT (dichlorodiphenyltrichloroethane) did not modify the pattern of the
outbreak in the 339th Infantry. An incubation period varying from 14 to
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26 days, with a peak at 19 to 20 days, was suggested by this epidemic. No
cases developed in medical personnel caring for these patients. It was noted
that the implicated areas were dusty, but no attempt was made to recover
the reckettsia from dust. Rickettsia was successfully recovered from dust in
California by DeLay, Lennette, and DeOme in 1950.5 High complement-
fixing antibody titers to the Henzerling strain were found in a group of
civilians from the epidemic area. Several other outbreaks, which were simi-
lar in their clinical and epidemiological features but not proved serologically,
occurred in small units in northern Italy and Corsica. All outbreaks seemed
to be related to dusty habitations.

Laboratory outbreaks.-In June, July, and August, 1945, a laboratory
outbreak of 20 cases developed in the 15th Medical General Laboratory in
Naples. This epidemic was well documented by Major Robbins and was
shown to have originated in the room of the laboratory where the Henzerling
and Paige strains were being studied in guinea pigs and embryonate hens'
eggs. The Seale strain of R. burneti was isolated in this epidemic, and
rickettsiae were isolated from 16 of the 20 patients as early as the second
day of disease and as late as the eighth. Complement-fixing antibodies to
the I-enzerling strain of rickettsia were absent in sera taken before the 7th
to the 13th day of disease but were present with later specimens. The peak
of the antibody response was reached on about the 21st day with a tendency
to diminish after the 30th day. The disease contracted in the laboratory
appeared to be somewhat more severe than that seen in the field, possibly
owing to a greater initial exposure to the infectious agent; however, four
patients, proved to be harboring rickettsia and sick with fever and malaise,
developed no roentgenologic evidence of pneumonia.

Outbreaks originating in Greece.--During the outbreaks north of Flor-
ence, it was learned that an epidemic of 40 cases of pneumonitis had ap-
peared in one company of a battalion of British paratroopers who had come
to Rome, Italy, from Athens, Greece, in January 1945. The outbreak ap-
peared to have developed in Athens, and the men recalled exposure to dust
in an abandoned silk mill used as a bivouac. Dr. J. Caminopetros of the
Pasteur Institute in Athens had obtained from the blood of patients with
"Balkan grippe" an agent producing a transmissible febrile disease in guinea
pigs. Guinea pig blood was sent by him to the Commission on Acute Res-
piratory Diseases, Army Epidemiological Board (Board for the Investiga-
tion and Control of Influenza and Other Epidemic Diseases in the Army),
and from this, a rickettsia strain similar to R. bhinet; was isolated at the
Commission laboratories at Fort Bragg, N.C. A laboratory outbreak caused
by the "Balkan grippe" strain of Q fever occurred in the personnel in this
laboratory before the rickettsia had been definitely characterized from the
material sent from Greece. As was so often the case with these epidemics of

5 DeLay, P. D., Lennette. E. H., and DeOme, K. B.: Q Fever in California. II. The Recovery of

Coxiella Burnett from Naturally-Infected Air-Borne Dust. J. Immunol. 65: 211-220, August 1950.
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Q fever, the diagnosis was made in retrospect. Convalescent serum obtained
from 35 of the British paratroopers who had been sick in Athens and Rome
and sera from 43 well soldiers of the same battalion were tested for agglu-
tinating antibodies to the "Balkan grippe" strain at Fort Bragg. Significant
elevations were found in 29 of the 35 recovered cases, while only 9 of 43 men
who had not been ill showed a high titer. Presumably, therefore, the epi-
demic in British paratroopers represented an infection with the "Balkan
grippe" strain contracted in Athens.

Outbreak in Zone of Interior.--An outbreak of Q fever was observed at
Camp Patrick Henry, Va., in May and June 1945, after approximately 7,500
troops returning from southern Italy had disembarked. The disease was
apparently confined to five squadrons of an air force group. Careful case
finding in one squadron revealed 143 patients-an attack rate of 38 percent.
Agglutinating antibodies to the "Balkan grippe" strain of R. burneti were
found, as were complement-fixing antibodies to the Australian strain, but
no organism was isolated. The outbreak seemed to be related to a particular
bivouac area, at Grottaglie Air Base near Taranto in southern Italy. Again,
no cases developed in medical personnel caring for these patients.

Other outbreaks.-A single case of pneumonia was studied in Panama
from which a strain of rickettsia similar to R. burneti was isolated. The
British Army in 1944 had observed in the Mediterranean area several sharply
localized epidemics of "atypical pneumonia" characterized by a high attack
rate-up to 50 percent of a unit. These may have represented Q fever, but
no serological proof for this was obtained.

CLINICAL FEATURES

Mode of onset.-In northern Italy, the disease was characteristically sud-
den in onset and the exact hour was frequently known. At Camp Patrick
Henry, in contrast, 70 percent of the patients noted a gradual onset. These,
however, . represented the milder cases discovered by careful case-finding
studies and would not have been observed in the Apennines epidemic in which
only patients with complaints sufficient to require hospitalization were seen.
The early symptoms were nonspecific---chilliness, sweats, general malaise,
weakness, fatigue, muscular aches, frontal headache, and anorexia. Pain in
the chest when present was variable in intensity, ranging from a vague to a
definitely pleuritic character.

Symptoms.-Although the onset was usually sudden, it was seldom severe
enough to cause prostration, and the patient often continued duty for 12 to
72 hours. The nonspecific symptoms persisted and became more pronounced
with the ensuing rise in temperature. Frank rigor was seldom experienced.
Frontal headache was common and severe, as in many rickettsial diseases,
and a majority of the patients complained of retro-orbital pain aggravated
by coughing. Anorexia was the only common gastrointestinal symptom. A
moderately dry cough frequently developed on the fifth or sixth day but was
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not an outstanding feature. Approximately 20 percent of the patients who
were carefully observed raised small amounts of blood-streaked sputum.
Vague pain in the chest of the type described at the onset persisted, but true
pleuritic pain was not common and was rarely severe, responding to aspirin
and codeine therapy.

Physical findings.-Temperature on admission ranged between 1010 and
1050 F. The curve was irregular, extremely sensitive in a transient fashion
to salicylates, and persisted from 4 to 15 days. It returned to normal by
lysis with an occasional crisis. Slight relative bradycardia, normal respira-
tory rate, and absence of cyanosis and dyspnea were usual. A cutaneous
rash was seen only in the first patient. Physical findings in the chest were
normal or only minimally altered. Crepitant rales and slight diminution of
breath sounds or dullness were occasionally noted, after the roentgenogram
called attention to abnormalities. Coryza and pharyngitis were not encoun-
tered although vesicles on the pharyngeal mucuous membrane were noted in
the epidemic in British paratroopers. Splenomegaly was rare save in the
British paratroopers who also had generalized glandular enlargement. Herpes
simplex was not observed. Nuchal rigidity of moderate intensity was seen
occasionally, but in six patients, lumbar punctures yielded normal spinal
fluid. Guinea pigs inoculated with one of these fluids obtained from a patient
in the Apennines outbreak had a transmissible disease, but serological proof
for its rickettsial origin, that is, cross-immunity, was not obtained.

Roentgenological flndings.-The pneumonic infiltration as seen in roent-
genograms was characteristic. Its incidence in all the outbreaks was not
determined, but 80 percent of the proved cases in the Naples laboratory out-
break and 90 percent of those at Camp Patrick Henry showed such infiltra-
tion. The shadows were homogeneous, of a ground glass appearance and
patchy in distribution, involving only a small portion of a lobe. Atelectasis
with shift of an interlobar septum was frequently seen. In Italy, in most
instances, lesions of a single lobe were observed, but occasionally, two lobes
were affected. At Camp Patrick Henry, 60 percent of the patients had mul-
tilobar involvement. Lower lobe involvement predominated. There was no
correlation between the extent of involvement demonstrated by roentgeno-
gram and the severity of the disease. The roentgenogram of the chest on
admission was frequently clear, with shadows appearing on the third or
fourth, and occasionally as late as the sixth, day of the disease. Shadows
consistent with small amounts of pleural fluid were seen in approximately
10 percent of the patients. The roentgenographic changes tended to be per-
sistent and, frequently, were still present when the patient was discharged
after an average stay of 22 days in the hospital. Resolution occurred by a
gradual clearing of the involved area.

Course and convalescence.- With defervescence, the symptoms rapidly
subsided leaving only weakness, which varied with the severity of the disease.
The duration of asthenia ranged from a day to 3 weeks. Loss in weight
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commensurate with a febrile illness associated with anorexia was usually
observed. No deaths, no recurrences, and only one possible complication were
seen in military personnel. The complication was a severe esophagitis in one
patient in the Naples laboratory outbreak. The great majority of patients
returned promptly to full duty.

Laboratory findings.-Increase in numbers of leuk(o'ytes, polymorplho-
nuclear leukocytosis, and anemia were not observed. The urine was normal
except for occasional mild albuminuria at the height of fever. The erythro-
cyte sedimentation rate was moderately rapid during the acute phase of ill-
Hess and became normal promptly after recovery. Blood cultures were ster-
ile; enteric agglutinations, Proteus OX-19, OX-2, and OX-K agglutination
(save in the original Apennines patient), coccidioidin skin tests, and throat
cultures were negative. Cold agglutinins, antibodies to influenza A and B,
treatment with the sulfonamides or penicillin were noted.

Treatment.-Treatment was symptomatic, and no beneficial effects of
treatment with the sulfonamides or penicillin were noted.

EPIDEMIOLOGY

The Henzerling strain isolated in Italy, the "Balkan grippe" strain from
Greece, and the strains isolated in the laboratory outbreak at Fort Bragg and
in Panama were similar in immunological specificity (complete reciprocal
cross-immunity) to the rickettsia isolateI ;,N Dyer 6 (the American strain)
although there were great variations in the sensitivity of the antigens. Cross-
immunity between the Australian 7 aid American strains had previously
been demonstrated. It therefore seems reasonable to assume that the rick-
ettsial disease seen in the Mediterranean area and in Panama characterized
by pneumonitis was Q fever. The relationship of Q fever to the usual form
of primary atypical pneumonia was investigated serologically, and it was
found to be close in endemic areas such as Caserta, Italy, but not in non-
endemic areas such as the Eastern United States.

Mode of transmission.-In the original cases from Australia, plleuio-
nitis was not mentioned. The disease, there, is tickborne to cattle with a
reservoir in bandicoots. The infection in man is aberrant, and the Australian
workers postulated that the inhalation of dried tick feces present on the hides
of cattle was the route of infection in human disease. Pneumonitis was first
recognized in the laboratory epidemic at the National Institute of Health,
U.S. Public Health Service," and in retrospect, it appears that this was prob-
ably a dustborne rickettsial infection. No insect vectors were implicated in
the Italian or Greek disease, but dusty habitations were. noted. Retrospec-
tively, in view of the isolation of rickettsiae from dust in California, 9 it

C, .*e footnote 3 (2), p. 103.
7 See footnote 2 (2), p. 103.
s See footnote 3 (3), p. 103.
: See footnote 5, p. 105.
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seems fair to assume that pneumonic Q fever may represent aii infection in
which the pulmonary infiltrate represents the primary lesion, as does the
eschar in fl&vre boutonneuse and rickettsialpox.

Military significance.-The military implications of this disease can be
far-reaching. It occurs in sharp outbreaks and, although rarely fatal, can
completely incapacitate an entire unit for combat. A satisfactory form of
prophylaxis was not at hand during the war years. Since World War II, it
has been shown that oxytetracycline (Terramycin) and chlortetracycline
(Aureomycin) are effective in the treatment of Q fever. 10 The avoidance of
dusty bivouacs in habitations w-here sheep, goats, or cattle have been kept
may help, and disturbing of such dust by vigorous procedures should par-
ticularly be avoided.

I0(1) Stokes, M. G. P.: Q Fever In Britain. Brit. M. Bull. 9: 231-233. 1953. (2) See foot-
note 4. p. 103.



CHAPTER VI

Scrub Typhus

Chris ]. D. Zarafonetis, M.D., and Myles P. Baker, M.D.

Scrub (or miteborne) typhus is an acute febrile disease caused by infec-
tion with Riekettdia tsutitgatu,8hi. Clinically, it resembles other rickettsial
diseases with an abrupt onset characterized by chilly sensations or rigors,
followed by fever, headache, malaise, and later a rash. The differential di-
agnosis may be established early by finding the primary sore or eschar at the
site of infection, often with associated satellite or generalized lymphadenop-
athy; at a later stage, some cases may be distinguished serologically. Scrub
typhus is also called tsutsugamushi disease, tropical typhus, rural typhus,
Japanese river fever, and Kedani fever.1

The earliest description of the malady in the Japanese literature was
written by Hakuju Hashimoto in 1810, while the first English report was
made by Palm in 1878. Mites were suspected as the probable vectors as early
as 1879. The field mouse, Mierotu, moiwtebelli, was implicated as an impor-
tant natural reservoir of infection in 1918.

During the 20 years before World War II, careful research work, notably
in Malaya and Sumatra, had indicated that tsutsugamushi disease was not
limited to Northwestern Japan, Formosa, and the Pescadores Islands, where
the Japanese had by 1931 definitely established its rickettsial etiology. The
clinical picture, pathology, and epidemiology were shown to be fundamen-
tally the same in Sumatran mite fever, in the scrub typhus of Malaya, the
endemic typhus of New Guinea, the coastal fever of North Queensland,
Australia, and in cases reported from Burma and Indochina. The common
pattern could be traced in spite of wide variations in mortality and frequent
failures to find the primary eschar. Prior to the experience of World
War II, however, the only species of mite proved by animal experiments to
be the vector of tsutsugamushi disease was the trombiculid mite identified by
Japanese workers. Other mites had been highly suspected in Sumatra and
Malaya, but conclusive proof had not been furnished. Similarly, the prin-
cipal reservoir host of the trombiculid mite had not been incriminated else-
where than in Japan and Malaya. Definitive work on the mite-rat complex,
in New Guinea and Burma, remained to be done.

This identification of scrub typhus, as it was commonly called in the
Armed Forces, with tsutsugamushi disease of the Japanese removes it from

the list of strictly tropical diseases, for Japan can scarcely be considered

I Blake, F. G., Maxey. K. F., Sadusk, J. F., Jr., Kohls, G. M., and Bell, E.J.: Studies on Tsutsuga-

mushi Disease (Scrub Typhus, Mite-Borne Typhus) in New Guinea and Adjacent Islands; Epidemiology,

Clinical Observations and Etiology in the Dobodura Area. Am. J. Hyg. 41 : 243-373, May 1945.
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within the tropics. It was, ill fact, little known outside Japan as late is
1942. Its distribution is known to us now only as indicated by the accident
of human infection with le. tsutsugamu hi. With the advent of large-scale
jungle warfare, scrub typhus became an important medical problem to troops
in the Far East. Indeed, approximately 6,000 cases were to appear in U.S.
Forces alone during the campaigns that followed the outbreak of war with
Japan.

As military operations progressed in the Southwest Pacific and in
Burma, U.S. Armed Forces passed into and through areas hitherto scarcely
studied as to prevalent diseases and lived there under field conditions very
unlike the customary sheltered life of the white planter of prewar years.
One immediate result was a wider appreciation of the geographic area of
distribution of this disease. Until then, such places as Bougainville and
Goodenough Islands, the Schouten Islands, and Netherlands New Guinea, or
Luzon and Mindoro Islands in the Philippines, had not been reported as
sites of scrub typhus. Medical officers became acquainted at first hand with
the clinical picture and pathology of the disease and hadm opportunity to com-
pare it with other rickettsial infections, notably epidemic typhus. Oppor-
tunity was afforded for thorough study of its epidemiological and entomo-
logical aspects in the field and laboratory and for the institution of preventive
measures.

CLINICAL EXPERIENCE

Southwest Pacific Area

In this region, Gunther had by 1940 collected 105 cases of a disease which
he labeled "endemic typhus," chiefly from the Wau area in the mountains
south of the Markham Valley in northeast New Guinea.2 The clinical pic-
ture was described by him at length, the similarity to tsutsugamushi disease
emphasized. Diagnostic agglutinations with Proteus OX-K were reported.
The patients were white men who had been clearing jungle areas. Scattered
cases were reported from New Britain Island and the coastline of northeast
New Guinea west of Finschhafen. The disease was, then, well known when
American and Australian Armed Forces moved into New Guinea in the
spring of 1942.

THE FIRST PHASE: ORIENTATION (1942)

The first cases.-Typhus fever was first recognized among our troops in
the Southwest Pacific as an isolated case, reported from northern Queensland
in March 1942. Eight cases were reported from the Port Moresby area of
Papua late in September 1942, and subsequently, a few cases appeared in the
Milne Bay area at the eastern extremity of Papua.3 During the summer

2 Gunther, C. E. M.: A Survey of Endemic Typhus in New Guinea. Med. J. Australia 2: 564-573,
30 Nov. 1940.

3 Essential Technical Medical Data, Southwest Pacific Area, for February 1944.
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and early autumn of 1942, combat operations in Papua were primarily the
assignment of Australian forces. At the close of the year, Lt. Col. S. W.
Williams, of the 2/9th Australian General Hospital at Port Moresby, was
able to report a prelimiiaary study of 300 cases of scrub typhus. 4 Within 10
miles of Port Moresby, the disease was rare, considering the large number
of troops concentrated there; all but a handful of these cases developed under
combat conditions along the Moresby-Buna track, the so-called Kokoda Trail.
This early Australian experience tallied closely with the prewar description
of the clinical picture given by Gunther. Emphasis was laid on the fol-
lowing points:

Among the first hundred patients there was only one death; among the
second hundred, exposed to the hardships of living conditions while following
the Japanese retreat over the Owen Stanley Range, there were three deaths.
In cases observed during December 1942, chiefly from the Buna-Gona combat
area, the mortality was "nearly 10 percent." These soldiers, too, were spent
by weeks of campaigning in the mountains and fighting around Buna.

Early diagnosis was not found a simple matter. Eschars were noted in
only 60 percent of the cases. As experience was to show, they should be
sought in covered parts of the body. Similarly, the rash was observed in
about 60 percent only. Generalized lymph node enlargement was the most
useful diagnostic sign in distinguishing the disease, in the early stages, from
malaria. Even so, the diagnosis, in absence of eschar and rash, might well
remain in doubt until the appearance of blood agglutinins for Proteus OX-K
on about the 9th or 10th day of fever. It was noted that patients with
scrub typhus fever may appear deceptively well during the first week, only
to develop serious pulmonary, circulatory, and neurological symptoms in the
second week of fever.

American troops were soon presenting examples of those diagnostic prob-
lems that proved to be scrub typhus. The majority of men who were to
engage in combat in the Buna-Gona area were flown over "The Hump" of the
Owen Stanleys, were set down at Dobodura airstrips, and went into battle
late in November 1942. Patients with scrub typhus began to appear in Decem-
ber in Port Moresby hospitals, evacuated thereto by air. In January 1943,
there was a sharp rise in the number of reported cases of scrub typhus in the
Southwest Pacific Area (table 12). The case fatality rate for 1943 was 5.5
percent per 100 cases. In 1944, over 4,000 cases of scrub typhus were reported
with a case fatality rate of 3.8 percent. Durinig the first 8 months of 1945,
the number of cases was less than those reported for the same period in 194:3,
with a case fatality rate of 5.4 percent. Owing to the exigencies of the mili-
tary situation, soldiers convalescing from scrub typhus were evacuated to
general hospitals on the Australian mainland, with the result that any com-
pilation of case material was rendered impracticable. Medical officers in hos-

4 WIlliams, S. W.: Scrub Typhus in Papua. Preliminary Report. A Description Founded on
Observation of 300 Cases by the Medical Staff of an Australian General Hospital, 5 Jan. 1943. [Offi-
cial record.]
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TABLE 12.-Number of casex and deaths due to scrub typhus in the Southwest Pacific Area,
U.S. Army, January 1943 to August 1945

[Preliminary data based on unit summary reports]

Period Cases Deaths

1943

January ------------------------------------------------ 92 4
February ----------------------------------------------- 62 1
March --------------------------.----------------------- 45 5
April --------------------------------------------------- 55 2
May --------------------------------------------------- 64 0
June ----------------------------------------------------- 79 5
July ---------------------------------------------------- 83 6
August ------------------.-.----------------------------- 81 3
September ---------------------------------------------- 95 5
October ------------------------------------------------- 93 4
November ----------------------------------------------- 67 3
December ------------------------------------------------ 119 13

Total --------------------------------------------- 935 51

1944
January ------------------------------------------------- 75 9
February ----------------------------------------------- 104 16
March -------------------------------------------------- 184 8
April --------------------------------------------------- 75 12
May -------------.------------------------------------- 130 4
Juie_ --------------------------------------------------- 212 15
July ---------------------------------------------------- 647 9
August ------------------------------------------------- 1,759 32
September ---------------------------------------------- 757 38
October ------------------------------------------------- 251 10
November -------------------------------------------- -- 113 6
December ----------------------------------------------- 89 6

Total --------------------------------------------- 4,396 165

1945
January ------------------------------------------------ 100 5
February ------------------------------------------------ - 66 2
March -------------------------------------------------- 45 4
April --------------------------------------------------- 32 2
May ----------------------------------------------------- 15 2
June ---------------------------------------------------- 43 2
July --------------------------------------------------- 20 1
August --------------------------------------------------- 11 0

Total ---------------------------------------------- 332 is

Grand total --------------------------------------- 5,663 234
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pitals of the Advance Base. becoming familiar wAith clinical features of thle
textbook picture of the dlisease, cultivated a high index of suspicion of scrub)
tVpluIIS inl the case classified as fever of undetermined origin withi no evidence
of mualaria. no letikocvtosis. no clinical response to Atabrine ( quinacrine hy-
drochiloride) or qutiini ine. and wit Ii generalized ivupih node en largenment.
E~schars were more carefuily soulght foi, and ulcers, wvitliout a seat). were
found inl the groins and axilla (figr. 8). By the time thiat agglutinins for

FIGURF S.-"'1 ler' es('har oil right axilla ill tsutsugmnmshi fever on1 151-1 day of illness,
34Md Station IFospital, IDohodura area, Papua.

Proteus OX-K appeared inl the blood, the templerature curve had becomie
(liagniostically chiaracteristic in cases without othier diagnostic sigris. Onle
temp~erature chart (often makinig upl the bul1k of the recordl evacuated with
thle convalescent) could be superimposed onl anothier, so alike were they.

Ill 4)I1e series of cases,'. tile tempera ture Nvas usua1;lly INPJ to lIP* F. onl the first day
of illness. There Nvas a r~ise ill temuperatuare wvithin 24 hou41rs to 1(Ni* to 1030 F'., and dur-
in", tile days that followed. the 4-hoiuriy chart showed a swing-ing- temuperatulre wvith daily
remnissionls fro OW1 fl to 1040 F. throug-hout tile illnes4s. subsiding- by 1 vsis on thle 14th to
17th dlays. fit the molre severe vases. for the first 3 to 5) days a remlittent type of fever
Was seenl, followed by a sustainled fever iup to 1030 F'. until recovery or death. Inl soiiw
fatal eases a remnittent fever ra ilgi g from11 990 to 10W0 F'. was recorded. A temperature
wh~ichl did not rise above 1030 F. was seen inl a few fatal cases.

The first necropsies.-Inexperience with the (disease and lack of any spe-
cific treatment lent p~articular interest to the p)athologist's finldinigs inl thle first

5 Wilia~ms. S. W.. Sincla ir A. J.. M.. an 14 Jackson. A. V. :Mite-Iiorne ( Scrub 1Typihus hi Pa.pult
anti th*e 'Mandalte'd rTerritory- of New Gtiinva :14*II(rt of 628) Cnai's. Med. J ustraliat 2: 52.52-539.
18 Nov. 1944.

63t9243'-63~---1
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seven necropsies performed in December 1942 and January 1943 at Port
Moresby by ('apt. (later Maj.) Austin J. Corbett, MC1.6 Ile reported three
groups of findings, as follows:

1. An acute diffuse inyocarditis. with perivascular and interstitial infil-
tration with plasma cells, macrophages, and lymphocytes, as a constant and
characteristic finding. Damage to the myocardial fibers varied in degree.
Arteriolar walls showed thickening, degeneration, and intramural round-cell
in flit rat ion.

2. In the lungs, alveolar septa were infiltrated with mononuclear cells
in a perivascular arrangement, and the vascular endothelium. within the septa
was swollen and fragmented.

3. In the brain, perivascular proliferation of glial cells and infiltration
with lymphocytes were observed; the endothelitun of smaller blood vessels
was swollen, and several vessels showed intramural round-cell infiltration.

Cardiac findings and prognosis.-The finding of a diffuse myocardial
lesion at autopsy, and the occasional finding of gallop rhythm and "soft"
heart sounds on physical examination of the precariously balanced patient iu
the second and third weeks of fever, gave rise to much concern about the con-
valescent's prognosis. In the rear hospitals, in Australia, convalescents were
examined carefully for evidence of residual cardiac damage and insufficiency
and were found to have none. Pending the accumulation of enough data to
support a general policy of sending all but the most hard-hit cases back to
duty. the majority of convalescents were returned to duty following maximum
hospitalization benefit.

THE SECOND PHASE: INVESTIGATIONS (1943)

A second phase in U.S. Army experience with scrub typhus began in the
summer of 1943. The occurrence of cases from month to month, without sea-
sonal incidence, was unremitting among combat and service troops, which
were increasing in number as the bases were developed along the north coast
of New Guinea to Finschhafen. The New Guinea hospitals had become more
stabilized, facilitating the study of cases. This period saw clinical and epi-
demiological studies carried out by a group of investigators, headed by I)r.
Francis G. Blake, working under the auspices of the United States of America
Typhus Commission, and it saw also the development of preventive measures
to protect troops from scrub typhus.

Clinical study.-It will be noted in table 12 that cases were diagnosed
without letup during the spring and summer of 1943. Base B, which included
Dobodura and Oro Bay, Papua, became a hive of activity with ever-increasing
numbers of troops moving into camp areas in the base. Between 1 August
and 1 I)ecember 1943, 248 patients with scrub typhus were admitted to Base B
hospitals. The mortality in these cases was 2.4 percent. From a study of a
group of 20 cases. most of them at the 363d Station Hospital, I)r. Blake and

6 Corbett, A. J.: Scrub Typhus. Bull. U.S. Army M. Dept. No. 70. pp. 34-54, November 1943.
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his collaborators constructed an exemplary word picture of the disease, as
follows: 7

The characteristic early symptoms and physical signs of mite typhus at onset and
during the first 5 to 7 days of the disease are headache, apathy and generalized inalaise.
fever, relative bradycardla, anorexia, conjunctival congestion, lyinphadenitis, often rt-
gional, and eschar. Although the diagnosis may be suswe.ted from the general symptoms
and physical signs together with a normal or low leukocyte count. only the presence of
a typical eschnr iý sufficiently pathognomonic to establish the diagnosis at this stage of
the disease. oquently, the whole body surface should be scrutinized in detail with
adequate Ii unless this Is done, the eschar may be easily overlooked if It Is located
in the less Y accessible areas.

Commonly, lwtween the fifth and eighth days a characteristic macular or maculo-
papular rash appears on the trunk and may later spread to the extremities. It should
be borne In mind, however, that although the development of a rash tends to confirm the
suspected diagnosis, rashes sufficiently similar to that of mite typhus to cause confusion
may at times occur In dengue and other infections.

The subsequent course of tsutsugamushi disease after the first week may be rela-
tively mild, with no recognizable evidence of the more serious aspects of the disease, and
with a total febrile period of 12 to 14 days: or moderately severe with signs of pneumo-
nitis and encephalitis and recovery by lysis early in the third week; or severe to ex-
tremely severe with febrile course of approximately 3 weeks' duration. Symptoms and
signs of more severe pneumonitis and encephalitis are constant. Evidence of peripheral
circulatory collapse are common and signs of myocarditis may appear. Hepatitis and
nephritis sometimes complicate the picture. Thromboses and cerebral or gasti-ointestinal
hemorrhage may take place. Death is not infrequent in these severe cases, particularly
in older individuals, but the majority recover by lysis during the latter half of the
third week.

Laboratory studies have confirmed the already known fact that the Well-Felix test
becomes positive for Proteus OX-K about the 12th to 14th day of the disease in the
majority of cases but that not all patients develop agglutinins for this organism in a
diagnostic titer of 1 in 160 or higher. Rickettsia orientalis (tsutsugamushi) may readily
be recovered from the hlood of patients during the acute stage of the disease by the
intraperitoneal Inoculation of 0.2 to 0.3 inl. of blood into white mice. Both of these
laboratory procedures, If positive, establish the diagnosis, but a negative Well-Felix test
for Proteus OX-K does not exclude mitehorne typhus.

The total leukocyte count, usually within the normal range during the first week but
sometimes showing a leukopenla, tends to increase during the second week. In cases
progressing favorably, this leukocytosis is commonly due In large part to a progressive
Increase in the absolute number of lymphocytes.

Limited observations on the blood chemistry of the miteborne typhus of New Guinea
have shown that hypochloremla, a moderate but not critical reduction in serum albumin.
a rise in serum globulin, and a diminution in plasma fibrinogen tend to occur during the
height of the disease.

The treatment of mite typhus consists primarily of complete bed rest, good nursing
care. adequate diet, fluid and salt Intake. and the judicious and selective use of sympto-
matic drug, supportive, and oxygen therapy only when specifically Indicated. Penicillin
is Ineffective.

Blake and his coworkers particularly emphasized the localization above
thigh level of the eschar, or primary ulceration, present in all 20 of their cases.
This is in contradistinction to the bites of mites causing scrub itch, on the

7 See footnote 1, p. 111.
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ankles and shins. This observation talliedl With that Of tile Aulstralianls lit
Port More5I)V (65~ percent onl a1rins axilla. neck, and trunk). They enipha -
sized1 further (1) the ab)sence of SighIS of right -Sided lheart failure, (2) tile
Ipictitre of at true rickettsial ptieunlionit is. With Which physical signs and find-
ings at auitopsy tire in keeping. and (3) the relat ion of cyanosis and pulmhlolnary
congest ion to plhiehhhi)fl it is. rat her thanl to myvoca rdijal inisufficiency.

Du)ring the spring and~ siummer of 1943. Aulstralianl patienits Were held at

tile Areneral hospitus ill Por1t Moresibv N. as American p~atients were not, making
possib1le (certain olbservat ions oil 620, cases 8~ that add~edI to the clinical picture.

signlficalitly. as re'gairds course1. 11 few vasies were recognized in~ amibuilato~ry paltien1ts

not sick enough to go oiff duty, lout later showing agglutinins to 1'rot its (X-K of 1: 125
or higher (takenitas at mini muml di~kigMOios C titer in this series). No relapse of fever

aitt rihutalole to the* rickettsial infection was tiliserveol. Amiong symptoms, iuatules were
notedl 1)2 fihe soft palaite. Ill a55,0V'it toi~l With t lie typica'Il rash over tile body.

lit the severe Pt 4e*1MS Ciirtllitvaseltila aibnormialitieos such as faint systolic murmurs.
tic-tile sounds.1 gallop rhyt hin, tachycardia. hypotension, andl pulsus alterinans were occal-
s11ionlVy obhservetl. Alt-asumrelienits. of venouIls presstire and electrocardiographic study did
not speatk for inyocandial insufficienicy or clinically fIeinlons-trahile nlyocardlltls. Hlearts
examiniol~4 microscopicailly In patients dying in the sixth wveek of complications not refer-
Mblo to circulatory appal~raltus showed no infiltration or tihrosis.

('vnoii I ' anrd increasedl respi ratory rate accomlipanii le the (level opmen t of abnormal
physical signs lit thle lung-., which did not include those of consolidation unless there was
secomidary infection, atelectasis, or infarction. Pulmonary Infarction was a late comipli-
caitioni to be reckoned wvith.

lit the severely Ml, mental symiIJtoiIs uniiforiiily appeared fromt about the 6th to the
10th day :apathy was more common than restless irritability and Insominia. Nerve dleaf-
tiess wats p~resent in 1*1 cases, and) could ble expected to be transient, lasting only at week.
l'areszis of the shoulder girdle umuscles an(1 sensory changes in arus and legs were oh-
s;erved uluring covlsec.Treniors of thle hands appearing lin the dhifficult second week
were rare b~ut striking, in one instance simulating the tremor oif parkinsonismn. Examil-
nations of cerebrospinal thild (60) revealed anl increase lIn pressure (about 160 tuiu.) lin
less thani half the individuals tapped: Increase lin lymiphocyte count was Infrequent
(7 calse's).

Mortality continued tol vary mumch (luring the period of Investigaltionl It rose fromt
1 to 2 percent lin the first 200 cases to 2A5 percent lin the next 154) cases, comprising soldiers
exhatusted by weeks (of Jungle comubat, and)( handicappedl by slow evacuation. For the next
27T6 cases, mortality wvits 7.2 percent. This varying mortality gives at fairer picture than
thle overall figure for (01) cases. 9.T percent.

Tf. prior to evacuation, the* soldier was seriously Ill bly the sixth day, or had already
had( 6 days of fever, it was thought wiser, if possible, to treat him "wvhere he lies," rather
than subject hinm to evacuation. Most patients were treated in convalescence in the expect-
inmvy that they wvouldI be fit to return to dluty wvihin 12 weeks from onset of their Illness.

Lipman. C'asey. Byron, and Evans rep~orted a study of 200 lpatients ob-
servedl at the 362(i Station Hospital in Base B1 between F~ebruary 1943 and
February 1944.9 The clinical picture in their cases conformed with Biake's.
T[heir extensive experience permitted observation of complhicationls that shouhld

8 See footnote 5, p. 115.
HI Lip~man. It. L., Casey, A. V., Byron. R. A.. and Evans. R. C. : Serlib Typhus: Resuilts of ai Stndy

of the* Cases of Two Hundred Patients Admitted Too and Trreaited At a Station Hospital Between
Feb. 9, 1943, and Feb. 4. 1944. War Med. 6: 304-315, November 1944.
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be borne in mind; that is, pleural effusion, 5 percent; periplheral neuritis.
uhnar. 5 percent; thrombophlebitis, 5 percent; and pulmonary and splenic
infarction, each 2.5 percent. The mortality in their 200 cases was 10 percent.
They emphasize the point made by the Australians at Port Moresby. that
coill)at troops who will or must disregard early symptoms of scr-it) typhus
are those with whom it goes hard. The older age group tolerated the on-
slaught of scrub tyl)hus less well than did those younger. Six of the thirteen
officers in this series died; four of the six were over 35 years of age. In
therapy, these authors recommend the following: (1) A lumbar puncture for
relief of meningismus and cerebral symptoms associated with an elevated
sp)inal fluid pressure, (2) treatment of incipient and established peril)heral
vascular failure with oxygen and intravenous plasma, and (3) penicillin for
secondary bronchopneumonia complicating the rickettsial pneumonitis.

Irons and Armbrust, at the 3d Medical Laboratory in Base B. extended
their observations on the Weil-Felix reaction to a series of 74 cases of scrub
typhus.'0

Of this series, 86 percent developed blood agglutinins for Proteus OX-K.
Controls with other febrile diseases gave negative reactions. In general, how-
ever, the incidence, maximum titer, and duration of the reaction were in-
versely proportional to the severity of the disease. Only 2 of the 7 fatal cases
showed a positive Weil-Felix reaction during their clinical course; the maxi-
mum titer was 1: 80. Patients with less than 18 days of fever were more
likely to develop a titer of 1: 160 or over thmn were those with longer febrile
periods. The initial Weil-Felix reaction occurred at approximately the 17th
day of the disease, after the peak in severity of clinical manifestations, or
during obvious clinical improvement.

Accordingly, the authors concluded that the Weil-Felix reaction is of no
value in prognosis. For diagnosis, no absolute level could be given, but a rise
and fall in serial tests proved helpful in some cases. That a negative reaction
does not exclude scrub typhus was indicated by isolation of the causative
inicro-organism in some cases with no OX-K titer.

Epidemiological study.-In addition to delineating the clinical features
of scrub typhus, Blake and his coworkers clarified the epidemiological back-
ground of the disease, as follows:

An analysis of the occurrence of cases among American forces In an advanced base
area near Buna on the northeast coast of New Guinea indicated that, although the disease
was contracted in widely scattered localities, some were more dangerous than others. It
also indicated that the exposure to Infection was associated with activities which brought
men into intimate contact with field conditions, such as those which prevail in bivouacs
or in establishing camps. During the period of this study in the I)obodura area. the
environments in which human infections were known to have originated were kunal grass
fields. in which natural conditions were undisturbed at the time of occupation. From the
time distribution of onset of cases of the disease it was clear that maximum risk was
experienced during the first week or two following arrival of a unit in a new area. This

1o Irons. E. N., and Armbrust. C. A.. Jr.: Relation of the Well-Felix Reaction to the Clinica!
Course of Ttutmugamushl Disease. Bull. U.S. Army M. Dept. 5: 85-95, January 1946.



120 INFEC'TIOUS DISEiASES

risk decreased prlogressiLvely so that after the fourth or fifth week the Incidenve i*e4amie
spoiradic or ceasedl entirely. and the site (couhld Ile occiu)ied with Impunity thereafter.

D)ecline Ili the attack rate could not 1e explainei asi (due to the accuiuulathiion of
Inlnlune Individuals. It therefore was pr•ibaibly dliue to deireaseil exposure to bites of

sole Slpeltes of hlrvlal miiltes that serveil ais vet-tors. Diecrease in expoisure wais corrlhited

uwith progressive changes produceil by "eveliopmenit and uise of thie callipsite. Evidfently,

the voldihtins thus created were uinfavorable to eointinuedl activity aind survival of tile

vector s-pecies.
In alttemllintig tp Idhentify this vector species. collect ihons1 of larval inite, were Iule

not onily lit boetilitles -wh'ere eases hlad originatlled a ndl extensive envirolilinmenital changes
taken place, hlut al0-4 In hl(ol it ie'is where the etili'•nineient appeteilre to hte sinmilar hut where
the natural condilitions elimineiia l Uneli-d.tum'lled.

*I , * * *! *l *

* * * th~ i'ra).semitioins made are ('oili.t*•bm ll with tile ihiyothesis that either Tront-

Nieul fltchhe'i ior T'romnbivid'a tralchi. tor- lotht, .ay serve its vettors Ili this area. Fur-
therniore. b%' 141y lii4Se Ililoculatih ino , R. oric,,ttfli was recovered front two ptools of inites

('T. iethcri) m'oilec-tee frlon twoe, liandijoeiits. Brain tlissue front tlies.e saile alnimnalls,
iljeceted! intoe white nmhke falM toi produhýe ia rI'kettsial Infehtion. In view of this inegltive
result and the fact tlhl genmertlhi-to-t~enntlol transfer of R?. orienatalix occurs in ninitel

the evidence do4es not inc-ilmlilnate the I'tiillliceoot as a reservoir host.

Tiis concept (of bivouacs |ind the establishmiient of campsites as the back-
groulind of scriui) tyVphuis was entir'ely in keeping with U.S. Army experience
during 1943. elsewhere than at 1)obodura. On 5 Septeniber 1943. the 503d
Parachute Infantry Regiment jumped in the Markham Valley terrain which
includted muehi open grassy country with kiinai grass prevailing. The regi-
mnent remaineiti ini jungle comnbat for about 12 days. By October. 37 caises of
scruill typhus had appeared.1 ' For tihe niext 5 to 6 months, cases contilued to
occur ais areas were developed around the Nadzab airstrips northwest of Lae
in northeast N'ew Gut|inea.

Outbreaks.-In November 1M43. an elpideimic of scrub typhus broke out oil
Goodenough Island, north of PapUia. chiefly in a hospital area sitUated in
kunii grass. For the first few nights after arrival in the area, personnel lived
under condition•, prevailing in the field. This was a serious outbreak. Sev-
enty-five cases occurred on the island over the slib.eqlent 4 months, most of
them in December. The mortality, 25 percent, was utniquely high alnd cannot
be adequately explained with the knowledge at h]and. The patients were not
in combat and were not exhausted when stricken. With each successive
beachhead taken. cases of scrub typhus develolped. The landing att Cape
(lloucester in the Bismarck Archipelago was made in D)ecember 1943. At the
30th Evacuation Hospital, 104 cases were reported in Februairy with 5 deaths:
in March, there were 151 cases with 8 deaths. The mortality was 8.3 pelreint
for these New Britain cases. more in keeping with the IDobodura series.12  It

is well to note. however, that in the first 3 tuonths of 1944 the 363d Station
Hospital at I)obodura had 60 cases of scrub typhus. of which 9 ended fatally,.
a mortality of 15 percent. in contrast to atn average of 7.1 percent for the

11 See footnotp 3, 1). 112.
12 Quarterly Report. Surgeon. 30th Evacuation IHotpital (Semnimobile). Southwest Pacific Area,

1 Jan.-31 Mar. 1944.


